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FOREWORD 


This technical report presents the results of the LAGEOS Phase B 
Thermal/Optical/ Vibrational Analyses and Test Program. The study was 
conducted by the Bendix Corporation, Aerospace Systems Division, for 
the National Aeronautics and Space Administration, George C. Marshall 
Space Flight Center, under Contract NAS 8-30658. 

The results of this study are contained in two volumes, which are 
prepared and submitted in accordance with the data requirements of Contract 
NAS 8-30658, as follows: 

Volume I Executive Summary 

Volume II Technical Report 

The study program was initiated in January 1974, the technical effort 
was completed in September 1974 and the final report was completed in Oct- 
ober 1974. The effort was conducted under the direction of Mr. D. R. Bowden, 
LAGEOS Program Manager, and Mr. C. W. Johnson of the LAGEOS Program 
Office, NASA-MSFC, Code PD-LA-MGR. 

The successful and timely completion of these analyses and test 
efforts is attributed to the conscientious and devoted efforts of J, Zurasky, 

R, Creel and C. W. Johnson of NASA-MSFC and E. Granholm, J. Maszatics, 

J. Monroe and L. Lewis of Bendix, under the direction of J. Brueger, Bendix 
Program Manager. The essential cooperation and assistance of P, Forman, 

C. Zanoni, S. Laufer and W, Fox at Zygo Corporation in Middlefield, Connec- 
ticut ( re t rorefle c tor fabrication, Far— Field Diffraction Instrument development 
and test program support) and, of M. Kahan, M. Rimmer, D. Byrd and 
J. Mieron at the Optical Systems Division, Itek Corporation in Lexington, 
Massachusetts (retroreflector thermal/optical analyses) are also gratefully 
acknowledged. 
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1.0 INTRODUCTION 

This report documents the results of the LAGEOS Thermal/ 
Optical/Vibrational Analyses and Test Program (Contract NAS 8-30658), 
conducted for the National Aeronautics and Space Administration, George 
C. Marshall Space Flight Center, from January through September 1974, 

The purpose of this study is to verify, through analyses and tests, that the 
MSFC LAGEOS design inherently provides a retroreflector thermal environ- 
ment which maintains acceptable retroreflector internal thermal gradients. 
Acceptable thermal gradients are those which result in less than 50% degrad- 
ation of optical performance from isothermal optical performance. 

This volume contains the technical results of the study, organized 
by the major task areas. The inter-relationships of the major tasks are 
also described and the major design decisions, during the program, are 
also identified. For narrative brevity and technical accuracy, detailed 
analyses and test results are provided in the original published format and 
as raw test- date in the as- run test procedure, respectively, as a series of 
appendices with this report. 

Results of a retroreflector performance improvement effort, begun 
in September 1974, will be documented in an addendum to this report, to 
be issued upon the completion of that effort. 

2.0 STUDY PROGRAM SUMMARY 

The overall objectives of the LAGEOS Thermal /Optical Vibrational 
Analyses and Test Program, to meet the study purpose of LAGEOS design 
performance verification, are as follows: 

• Develop a LAGEOS thermal model and conduct thermal analysis, 
using this model, to predict retroreflector thermal behavior. 

• Procure and fabricate test hardware required to simulate the 
LAGEOS design for the purpose of conducting environmental 
tests. 

• Accomplish thermal, optical, and mechanical vibration tests 
to verify that the thermal model and thermal analysis predic- 
tions are representative of actual satellite performance. 

The study was conducted by the accomplishment of a number of major 
task areas, which were intended to provide the technical results to meet the 
study objectives. These tasks, defined in detail in the Program Study Plan 
(reference A), are as follows: 
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Task 1 -- Develop Thermal Model and Perform Thermal 
Analyses* The LA GEOS thermal model was developed and 
parametric analyses results and final LAGEOS Satellite 
temperature predictions were generated; the results are dis- 
cussed in Section 3.0* 

The The rmal/ Optical Analysis, included in this task, was 
conducted by Itek and the Itek Final Report is included in 
this report. 

Task 2 - Provide the LAGEOS Test Article* Six (6) LAGEOS 
retroreflectors were procured from the Zygo Corporation. 

The LAGEOS test article was designed and fabricated to simu- 
late the LAGEOS design, including the installation of the six 
LAGEOS retroreflectors. The test article was utilized in 
three configurations, as planned, in the the rmal /optical and 
vibrational tests of Task 3. The design, including design 
criteria and rationale, are described in this report. 

This task also included the design, fabrication and assembly 
of a thermocouple fixture, installed in the test setup during 
thermal/optical tests and instrumented to provide temperature 
gradient measurements data. The design is described in this 
report. 

Task 3 - Conduct The rmal /Optical and Vibration Tests. A 
test plan was developed and, subsequently, test procedures 
were generated for each of the two major tests. The final 
versions are included in this report. 

The test arrangement for the thermal/optical tests was developed 
and the various test fixtures were identified, designed and fab- 
ricated. Test equipment, instrumentation and expendables were 
identified and provided to support the tests. 

The the rmal /optical tests were run as planned and a number 
of additional test conditions were run. Data was recorded, 
reduced and evaluated. 

i 

The vibration tests were run as planned and the results were 
recorded and evaluated. 

Test results are included in this report as raw data with the 
"as- run" test procedures and as reduced data. Conclusions 
and recommendations which result from the evaluation of the 
test results are also included. 
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A dynamic model was generated and a dynamic analysis 
was made of the initial baseline LAGEOS design, the hex- 
faced retroreflector design, to support the selection of the 
final LAGEOS design. Results, conclusions and recommen- 
dations are presented. 

Analysis of the circular-faced retroreflector design, based 
on ALSEP test history, and of the LAGEOS acoustic environ- 
ment were also made and results and conclusions are included 
in this report. 

Overall program conclusions and recommendations are 
summarized in the final section of the report. 


3 



BSR 4159 


3. 0 THERMAL MODEL AND THERMAL ANALYSIS 

The objectives of this portion of the Phase B effort (Task 1.0 of 
reference A) are to perform a parametric thermal evaluation of various 
retroreflec tor mounting arrangements to minimize retroreflector thermal 
gradients, to generate a LAGEOS thermal model for the selected MSFC 
LAGEOS design, and, using this model, to predict thermal gradients for 
the LAGEOS retroreflectors in the prescribed satellite orbit, (Task 1.0 
also includes the thermal/optical performance analysis which is discussed 
in Section 5 # ) 

3, 1 parametric Thermal Analysis 

The parametric thermal analysis was based on the identification 
of the hex- faced retroreflector (GEOS-C type) as the initial MSFC base- 
line design configuration and of the circular-faced retroreflector (ALSEP 
type) as the back-up design configuration. Results of this effort were 
presented in the First Program Review and are included in Appendix A, 
the Program Review Report. The results of this portion of the thermal 
analysis supported the selection of the final retroreflector design config- 
uration at the First Program Review. 

3. 2 Selection of the LAGEOS Retroreflector Design 

After review of the parametric thermal analysis results (together 
with the vibrational analysis results described in Section 4) at the Program 
Review, the circular-faced retroreflector design configuration was selected 
as the MSFC LAGEOS design* The bases for the selection are summarized 
in the Program Review Minutes, Appendix B. Subsequent thermal/optical 
analysis efforts, and ultimately the thermal optical tests, were thereafter 
based on the circular-faced configuration, 

3. 3 Post- Selection Parametric Analyses 

After selection of the circular- faced retroreflector design, the 
parametric analyses cases were completed by the generation of tempera- 
ture distribution predictions for a mount design with a 1-cm recess depth 
to the front face of the retroreflector. The results are summarized in 
Appendix C. 

3. 4 Thermal /Optical Analyses Input Data 

Initially, it was planned to generate optical performance predictions 
for only one thermal gradient condition, the worst- case orbital condition. 
After selection of the circular-faced retroreflector design configuration, 
the thermal model was updated to incorporate the final mount design details. 
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Thermal gradient predictions were then generated for various orbital 
conditions and two satellite cavity temperatures, equivalent to two 
different satellite surface finishes. The single worst-case predictions 
were selected from these results, which are summarized in Appendices 
D and E. v . 

An expansion of the optical analysis effort was directed by NASA- 
MSFC and it was then necessary to define two additional sets of thermal 
gradient predictions and two "unit gradient" predictions. These are sum- 
marized in Appendix F, as they were coordinated with MSFC and provided 
to Itek to perform the optical analyses, which is described in Section 5. 

3. 5 Test Condition Analysis 

Additional gradient predictions, which are peculiar to potential 
test conditions, were also generated. The results are summarized in 
Appendix G and they confirm that the optical analysis input gradients 
include the maximum predicted temperature gradients. 

A transient the rmal. analysis was conducted to predict test item 
stabilization times for changing chamber envivonmental conditions, maxi- 
mum allowable optical viewing' time before temperature gradient criteria 
are exceeded and test item temperature restabilization times. The results 
are summarized in Appendix H. 

3. 6 Final Satellite Thermal Analysis 

After selection of the circular-faced retroreflector and definition 
of the LAGEOS retroreflector ring-mount design by MSFC, the design 
details were incorporated in the Bendix LAGEOS thermal math model. 
Thermal gradient predictions were generated prior to the thermal/optical 
tests for the bare machined- aluminum satellite design. The results are 
summarized in Appendix J. 

After evaluation of the thermal data measured in the thermal/optical 
tests, the satellite thermal math model was correlated with the test results. 
Final satellite thermal gradient predictions were then generated and the 
results are summarized in Appendix K. The LAGEOS satellite thermal 
math model description is also included in Appendix K to meet a data 
submittal requirement of the Study Plan (reference A). 

3. 7 Thermal Analysis Summary 

The thermal analysis task results were summarized in the final 
presentation at the MSFC LAGEOS PDR. This summary is included in 
Appendix L. 


5 



BSR 4159 


3. 8 Conclusions and Recommendations - Thermal Analysis 

! i 

The conclusions and recommendations of this thermal analysis 
effort are summarized in pages L-27 through L-29 of Appendix L, 

4. 0 DYNAMIC MODEL AND VIBRATIONAL ANALYSIS 

t . 

The objective of this Phase B effort (Task 3.6 of reference A) is 
to conduct a dynamic analysis of the baseline LAGEOS retroreflector 
mount design and, based on the results, provide inputs to support the 
selection of the final mount design geometry. 

4. 1 Dynamic Analysis of Initial Baseline Design 

The evaluation of the hex- faced retroreflector and the GEOS-C 
type clip mount design, the initial LAGEOS baseline design, was com- 
pleted for the First Program Review, except for the maximum stress 
predictions for the clip design during exposure to the sinusoidal vibration 
environment. The dynamic model description and the analysis results 
are summarized in Appendix A. It should be noted that the results and 
the conclusions shown are as updated (1 June 1974) to reflect the maximum 
stress predictions completed after the review. The updated results add an 
additional reason (i. e. , the unacceptable stress level) for the requirement 
to redesign the clip mount, if the hex-faced retroreflector had been retained 
as the LAGEOS design. Since the Program Review conclusions resulted in 
the adoption of the circular- faced retroreflector as the LAGEOS design, 
the results are now only of academic interest. 

The early dynamic testing of the mount design, originally in the 
program, was deleted as part of a program change to increase the thermal/ 
optical testing, since dynamic testing was also planned for the final test 
article. 


4. 2 Conclusions and Recommendations - Dynamic Analysis 

Subsequent to the Program Review, an evaluation of the LAGEOS 
acoustic environment was made with respect to the need for acoustic 
testing of the test article. The results are summarized in Appendix M 
and are the basis for no acoustic tests, since the vibration tests already 
expose the test article to a more severe environment. 

Also, as a result of an action item identified at the First Program 
Review, an evaluation of A LSEP analysis /te st data was made to provide 
rationale for confidence in the structural integrity of the circular-faced 
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retroreflector and its ring mount in the LAGEOS application. Results of 
this evaluation are summarized in Appendix N. It was concluded that the 
LAGEOS dynamic environment would not subject the circular-faced retro- 
reflector to excessive stress levels. Subsequently, the vibration tests of 
the LAGEOS test article (discussed in Section 7) successfully demonstrated 
the LAGEOS design integrity. 

5.0 THERMAL/OPTICAL ANALYSIS 

The objective of this effort is to predict LAGEOS retroreflector 
optical performance for the expected worst-case thermal gradients 
resulting from the LAGEOS orbit. 

5. 1 Thermal/Optical Analysis Requirements 

Initially, optical performance was to be generated for the nominal 
LAGEOS retroreflector configuration under both the isothermal condition 
said the set of thermal gradients, representative of the single worst- case 
orbit thermal condition. A program change increased the number of iso- 
thermal cases to include both a nominal (or "perfect”) retroreflector con- 
figuration and a "tolerance" retroreflector configuration, having dihedral 
angles covering the full specified tolerance range. The program change 
also increased the number of thermal gradient cases to three (3), to cover 
a range of temperature gradients for the nominal retroreflector, and added 
one (1) thermal gradient case for the "tolerance" retroreflector. In addi- 
tion, two "unit gradient" cases ("unit axial gradient" and "unit radial grad- 
ient") were added to permit the evaluation of these separate effects. The 
optical analysis cases are summarized in Appendix P; the input thermal 
gradients for each case are those defined in Appendix F. 

5. 2 Thermal/Optical Analysis Results 

The expertise and proprietary optical design computer programs 
of the Itek Corporation were utilized to perform the thermal/optical 
analyses. The Itek experience in retroreflector optical analysis includes 
the generation of predicted thermal/optical performance of the ALSEP 
LRRR retroreflectors for Bendix on the Apollo Program. 

The inputs, the thermal/optical math model description, and the 
analyses results are described, in detail, in Appendix Q. The optical 
analyses results are also summarized in the final presentation handout. 
Appendix L (pages L-33 through L-52). 

5. 3 Conclusions and Recommendations - Thermal/Qptical Analysis 

The conclusions and recommendations of the the rmal /optical 
analysis effort are summarized on pages L-49 and L-50 of Appendix L. 
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Other conclusion b and recommendations, which relate the the 
comparison of predicted optical performance with optical test per- 
formance measurements, are included in Section 5. 

6.0 THERMAL/OPTICAL TESTS 

The objectives of this portion of the Phase B Program are to 
experimentally determine the thermal /optical performance of the MSFC 
LAGEOS design under isothermal and orbital worst- case thermal condi- 
tions and to experimentally identify any effects of the launch/boo^t vibra.- 
tion environment on the thermal design and optical performance.. A 
directly related portion of the Phase B Program is the task to provide the 
LAGEOS test article, which is also described in this section. 

6. 1 Test Plan 

l 

The LAGEOS Phase B Test Plan was generated to describe the 
overall plan for accomplishing the various tests required to achieve the * 
study program objectives. The plan identifies the requirements for each 
test for program review purposes, for the design and fabrication of the 
LAGEOS test article and test fixtures, for the allocation planning of test 
facilities, equipment and expendables and for the generation of detail test 
procedures by which the required test data will be obtained. 

The initial issue of the Test Plan was released on 15 April 1974 
and the plan was updated twice to incorporate review comments and directed 
program changes. The final issue, dated 12 July 1974, is included as 
Appendix R. This plan reflects the test program prior to the start of the 
actual tests. The program was expanded and modified during the testing 
and the final test conditions are as described in the ’'as-run” test procedure. 
Appendix S. 

6. 2 Test Article 


The LAGEOS test article is a hardware assembly, including six (6) 
LAGEOS retro refle cto r s , the design of which directly represents specific 
critical LAGEOS design parameters to ensure credible the rmal/optical 
performances. The test article design criteria and the LAGEOS design 
parameters represented in the test article are summarized as Appendix L. 
The design requirements are discussed in even greater detail in Appendix R. 

Drawings of the test article hardware, as fabricated, are shown in 
Appendices L and R. The mounting ring designs were based directly on 
the MSFC LAGEOS design but were modified as outlined in the Final Pre- 
sentation (page L-68 of Appendix L) to maintain a .002 to .006 inch clear- 
ance between the retrorefle ctor tabs and the upper mounting ring. This 
clearance requirement is based on ALSEP experience and is a compromise 
between structural integrity requirements and minimum thermal conductivity 
and thermal expansion/contraction loads on the retroreflector. 
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The retro ref lectors installed in the test article were fabricated by 
the Zygo Corporation of Middlefield, Connecticut, Retrorefle ctor design 
and characteristics are summarized in the Final Presentation (pages L-72 
and I..-85 respectively, of Appendix L), Data sheets for each test retro- 
reflector are included in Appendix T. 

6, 3 Te st Methods 

The test arrangement for the thermal/optical tests is shown in the 
layout drawing and the photographs included in the Final Presentation (pages 
L-59 through L-63 of Appendix L), The test arrangement requirements 
necessitated the design and fabrication of a number of test fixtures, as 
follows: 

* Thermal Optical Test Fixture 

* Optical Window and Shield Assembly 

1 Far- Field Diffraction Instrument Support Plate 

* Thermocouple Fixture 

I 

The requirements, functions and design of each of these fixtures is des- 
cribed, in detail, in Appendix R. 

The locations of the thermocouple instrumentation, on both the 
thermocouple fixture and the test article, are identified in the "as- run” 
test procedure, Appendix S. 

The basic optical performance measurement instrumentation is 
provided by the Zygo Far- Field Diffraction Instrument (FFDI). This 
instrument, developed with Bendix capital equipment funding, was designed 
and fabricated by the Zygo Corporation. The instrument overall design 
characteristics and an optical schematic of the design are shown in 
Appendix L. In addition, the FFDI measurement outputs are summarized 
and the FFDI scale factor determination is described in Appendix L. A 
photograph of the FFDI in the test arrangement is also shown in Appendix L. 

The final set of test conditions planned to be used in the thermal/ 
optical tests is shown in the Test Plan, Appendix R. The test conditions 
were expanded during actual testing and the final set of test conditions is 
shown in the "as-run" test procedure, Appendix S. The final set of test 
conditions are also summarized in Appendix L, in a format which can be 
used as a guide, or index, for finding data for a specific set of test conditions. 
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6* 4 Test Results - Thermal Optical Tests 

The test results, in the form of raw recorded test data, are .given 
in the "as- run' 1 test procedure* Appendix S. The FFDI photographic output 
data are shown in Appendix U. ( ■ 

The raw data was selectively reduced to show the significant results. 
The test data reduction techniques are summarized in Appendix L. Iso- 
thermal/ ambient performance is tabulated and isothermal/vacuum data is 
plotted for each retroreflector as a function of laser field (incident) angle 
and is shown in Appendix L. 

In addition, the no sun - no earth IR thermal cases are plotted, for 
each retroreflector, to show optical performance as a function of laser 
field angle. The ratio of relative performance at the thermal condition to 
the relative performance at the isothermal condition is also plotted as a 
function of cavity core temperature (i. e. , thermal condition). Review of 
this data, shown in Appendix L, indicates that the maximum degradation 
due to thermal gradients is about 35% (i. e. , less than the 50% maximum 
permitted. Reduced data for the l sun - no earth IR and the no sun - 1 earth 
IR cases are also shown in Appendix L and indicate even less degradation due 
to the resulting thermal gradients. 

In all of the reduced data, the relatively large differences in optical 
performance between individual retroreflectors is noted. 

The optical performance for the Serial No. 3 {Cavity "A")'retroreflector 
is compared with the optical analysis results for the "tolerance" retroreflector 
design in Appendix L, Although the dihedral angles compare favorably, the 
optical performance data differs significantly. This difference is attributed 
to the difference in the measured location of the far-field diffraction pattern 
high- intensity ring (from far-field pattern photographs) versus the location 
of the annulus mask used to measure the return beam relation intensity, as 
shown in Appendix L. 

Performance differences at thermal/vacuum conditions may be 
attributed to differences in the thermal gradients between the analytical 
case and the test case (difficulties were experienced in directly measuring 
thermal gradients on the retroreflectors). It was shown in the optical analysis 
(Section 5) that axial gradients can compensate for degradation due to radial 
gradients and manufactured wavefront deviation. 

t 

Optical performance results obtained before and after the vibration 
tests are also reduced and shown in Appendix JL. The comparison data is 
for two of the retroreflectors which remained in the same orientation 
throughout the pre- vibration and post- vibration optical tests. Only minor 
changes can be noted in the pre- vibration and post- vibration data. 
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6# 5 Conclusions and Recommendations - Thermal/Optical Tests 

The conclusions reached on the basis of the thermal /optical tests 
are described in the Final Presentation, Appendix L, and these can be 
summarized as follows: 

The LAGEOS design demonstrates acceptable performance 
degradation under worst^case orbital thermal conditions. 

No significant thermal/optical performance changes result 
from exposure to the LAGEOS launch/boost vibration 
environment. 

The present retroreflector dihedral angle tolerance of +0.5 
arc sec results, in relatively large optical pe rformance~dif- 
ferences between retroreflectors. 

In addition, the following major conclusion resulted from evalua- 
tion of the test results at the PDR: 

The nominal dihedral angle specified for the LAGEOS retro- 
reflectors appears to be too large for optimum return intensity 
in the annular region of interest (13. 2 to 16. 9 are- sec dia- 
meters) in the far-field diffraction pattern. The measured 
dihedral angles for the test retroreflectors are based on 
direct mechanical measurement, using an autocolimator and 
a precision index table. 

,The recommendations made at the Final Presentation are described 
in Appendix L and are summarized as follows: 

Modify MSFC mounting hardware drawings to reflect the test 
article mounting hardware design. 

Consider a retroreflector dihedral angle tolerance change if 
LAGEOS system evaluation indicates more uniform retro- 
reflector performance is required. 

Consider additional thermal/optical analyses and tests to 
support additional retroreflector performance data require- 
ments for LAGEOS system analysis. 
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A final recommendation, relating to the major conclusion reached 
at the PDR, is as follows: 

Reverify the measured dihedral angles for each test retro- 
reflector, analytically determine the "effective" dihedral 
angles from Twyman-Green interferograms for each retro- 
reflector and rework the test retroreflector dihedral angles 
and confirm performance improvements by optical tests. 

7.0 VIBRATION TESTS 

The objective of this portion of the Phase B effort is to subject the 
LAGEOS test article to the worst- case sinusoidal and random vibration 
environments, representative of the LAGEOS satellite qualification-level 
launch/boost environment. The test is intended! to demonstrate the Struc- 
tural integrity of the LAGEOS retroreflector /mount design and to determine 
the effect, if any, on thermal /optical performance of the design. 

7. 1 Test Set-Up 

The test set-up involves the installation of the LAGEOS six- 
retroreflector test article on a vibration fixture which, in turn provides 
the tie-down interface with the Bendix vibration test system shaker head 
or slip-plate. The vibration fixture is instrumented with a control accel- 
erometer, oriented in the axis being tested. The set-up is described in 
detail in the Vibration test procedure, Appendix V, and is shown in photo- 
graphs in Appendix L, 

7. 2 Test Re suits 


The actual test sequence and real-time test results are described 
in the "as- run" test procedure. Appendix V. Although one apparent anomaly 
(test discrepancy) was reported, later investigation confirmed that the retro- 
reflector condition noted had existed prior to the test. The details of the 
anomaly investigation results are described in Appendix L. The vibration 
test, therefore, demonstrated the structural integrity of the LAGEOS design. 

The results of the the rmal /optical testing, before and after the 
vibration exposure, are discussed in Section 6. 

7. 3 Conclusions and Recommendations - Vibration Tests 

The conclusions, with respect to the vibration tests, are summarized 
in Appendix L and, with respect to vibration exposure on optical performance, 
in Section 6. 
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As summarized in Appendix L, the LAGEOS acoustic environment 
is shown to be negligible, compared to the vibration environment, and it • 
is, therefore, concluded that LAGEOS integrity will not be affected by the 
acoustics environment, 

8.0 FINAL PRESENTATION 

The Phase B Study Plan (reference A) requires the reporting of the 
overall results of the study program in a final presentation at MSFC. 

At MSFC request, this presentation was made as part of the LAGEOS 
Program PDR at MSFC on 3-4 September 1974. Bendix, Itek and Zygo rep- 
resentatives participated in the Bendix Phase B Program Final Presentation. 
The summary of results for the analyses and test portions of the Phase B ' 
program, and the conclusions and recommendations presented, served to 
support the overall PDR conclusion that the MSFC LAGEOS design had been 
confirmed as ready to proceed into the Phase C/D program. 

The Final Presentation handouts summarize all of the data presented, 
plus additional data included for clarification of specific areas, and are 
included as Appendix L. 

Review Item Discrepancies (RID), generated during the PDR, including 
those related to the Bendix program final presentation, and the results of the 
RID review and disposition by the PDR board are described in reference B. 
None of the RIDs directly impact the Phase B results and are therefore men- 
tioned only as reference information. 

9. 0 CONCLUSIONS AND RECOMMENDATIONS SUMMARY 

9» 1 Conclusions 


The major conclusions of this study, based upon the results developed 
in the major task areas and documented in this report, are summarized as 
follows: 

• The LAGEOS design demonstrates acceptable performance 
(less than 50% degradation) under worst- case orbital thermal 
conditions. 

No significant thermal /optical performance degradation results 
from exposure of the LAGEOS design to the LAGEOS launch/ 
boost vibration environment. 


13 
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The nominal dihedral angle (90° O' 1.5"), as specified for 
LAGEOS retroref le ctor s , appears to be too large for optimum 
return intensity within the LAGEOS far-field diffraction 
pattern annular region (13.2 - 16.9 arc-sec diameters). 

The present dihedral angle tolerance (+0.5") results in rela- 
tively large optical performance differences between individual 
retr ore flee tors. 

The LAGEOS launch/boost acoustic environment is negligible, 
compared to the vibration environment; therefore, it is con- 
cluded that no effect on LAGEOS thermal/optical performance 
will result from exposure to the acoustic environment. 

The close agreement, between thermal predictions and thermal 
test results (within 5°C), provides confidence that satellite 
thermal gradients are accurately predicted by the LAGEOS 
thermal model. 

Based on thermal/optical analyses results, it is concluded that 
optical performance is relatively insensitive to irregular dihed- 
ral angle tolerances (i. e. , angles distributed on each side of 
nominal) and manufactured surface quality effects; optical per- 
formance varies considerably when dihedral angles change in the 
same direction from the 1. 5 arc sec nominal (i. e. , relative 
performance changes from 21.6% to 14.9% for a +0. 6 arc sec 
dihedral angle change). 

Thermal/ optical performance varies only about 1% in relative 
performance for the range of thermal gradients evaluated in 
the thermal/optical analyses. 

Thermal/optical performance is sensitive to individual unit 
thermal gradients (i. e. , only axial gradients or only radial 
gradients), but axial gradients compensate for radial gradients 
and for manufactured surface quality effects. 

The LAGEOS thermal model, based on the LAGEOS orbital 
characteristics and final design parameters and updated by the 
results of the thermal/optical tests, will provide detail satellite 
temperature distributions. A description of the final satellite 
thermal model, including nodal, resistive and heating informa- 
tion, in both tabulated data format and as a computer deck, 
have been provided to MSFC. 
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9. 2 Recommendations 

The retroreflector cavity design should possess a low (less 
than 5%) infrared emittance to enhance radiative isolation. 

Thermal coatings /finishes which are applied to the satellite 
exterior surface should be of low solar absorption (i, e. , high 
visible reflectance) to permit tracking by ground stations. 

• Retroreflector mounting rings should have low thermal conduc- 
tivity and should provide minimal contact with the retroreflec- 
tor tabs for thermal design reasons. Loading of these tabs by 
the mounting rings should be avoided, including loads due to 
thermal expansion/contraction differences, to avoid retro- 
reflector distortion. It is, therefore, recommended that the 
NASA-MSFC mounting hardware drawings be modified to 
reflect the LAGEOS test article mounting hardware design. 

Consider retroreflector dihedral angle tolerance specification 
reduction for more uniform performance (retro reflector- to- 
retroreflector) and for some performance improvement (if the 
nominal angle is optimized). 

Reverify the measured dihedral angles for each retroreflector 
and analytically determine the "effective 11 dihedral angles from 
Twyman-Green interferograms; confirm the performance 
improvement in optical tests of the test retroreflectors, after 
rework to the optimum dihedral angles. 

Consider additional the rmal /optical analysis and test to more 
fully explore the effects of various design parameters in support 
of additional retroreflector performance data input require- 
ments for the SAO LAGEOS system application analysis. 

• Correlate the Itek thermal/optical math model with the actual 
retroreflector characteristics, the measured the rmal /optical 
test conditions and with the SAO optical analysis model; 
generate new thermal/optical performance predictions to 
support the selection of the optimum dihedral angles. 


\ 
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APPENDIX A 


INTRODUCTION 


This LAGEOS Program Review is intended to fulfill the contract requirement for the first 
interim performance review of the Bendix LAGEOS Phase B program. The agenda has 
been coordinated with the MSFC LAGEOS Program Office and covers the results and/or 
status of the current program tasks, as defined in the Bendix Program Study Plan 
LAGEOS-8, 15 March 1974. 


> 

i 

ro 


2 



LAGEOS PROGRAM REVIEW 
APRIL 17-18, 1974 

BENDIX AEROSPACE SYSTEMS DIVISION 
ANN ARBOR, MICHIGAN 

AGENDA 


INTRODUCTION 
THERMAL ANALYSIS 
MSFC STATUS 

BENDIX RESULTS/RECOMMENDATIONS 
DYNAMIC ANALYSIS/TEST 
MSFC STATUS 

BENDIX RESULTS/RECOMMENDATIONS 
OPTICAL TESTS - MSFC STATUS 

SELECTION OF LAGEOS RETROREFLECTOR CONFIGURATION 
FACILITIES TOUR 


TEST PROGRAM STATUS 

TEST PROGRAM SUMMARY 

OVERALL THERMAL/OPTICAL TEST ARRANGEMENT 
TEST ARTICLES 

FAR -FIELD DIFFRACTION INSTRUMENT 

TEST FIXTURES & EQUIPMENT 

THERMAL /OPTICAL TEST FIXTURE 
OPTICAL WINDOW AND SHIELD ASSY 
FFDI PLATFORM ASSY 
VIBRATION TEST FIXTURE 
TEST EQUIPMENT AND EXPENDABLES 


J- BRUEGER, BXA 

R. CREEL, MSFC 
E. GRANHOLM, BXA 

J. McBRIDE, MSFC 

J- MASZATICS, BXA 

J. ZURASKY, MSFC 

MSFC /BXA 

J. MONROE, BXA 
J. BRUEGER, BXA 
MSFC 

J. BRUEGER, BXA 
J. MONROE, BXA 
J. BRUEGER, BXA 
- L. LEWIS, BXA 
J. MONROE, BXA 



AGENDA (CONTINUED) 


J- BRUEGER, BXA 
J. BRUEGER, BXA 
MSFC/BENDIX 


TEST CONDITIONS 

• PROGRAM SCHEDULES/STATUS 

• STUDY PLAN REVIEW 
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INTRODUCTION (CONTINUED) 


The overall Bendix Phase B program is summarized in the LAG EOS Study Logic Network. 
This program review will present the results obtained in the performance of Subtasks 1. 1, 
1.2 and 3.6. There will be an opportunity in the review for MSFC representatives to 
present the results and status of their LAGEOS thermal, dynamics and optical efforts 
which complement the Bendix efforts. A major objective of this review is to then review 
the results to date and select the LAGEOS retror eflector configuration which is to be 
the basis of the analysis and test efforts for the remainder of the program. 

The review will also present the status of Test Article and Test Program efforts as 
performed in Subtasks 2.1, 2. 2 and 2. 3 and in Subtasks 3. 1. 3.2and3.3, respectively. 
The efforts presently underway are preparatory to performance of the various tests 

in the remaining Subtasks. Test article configurations and test fixture designs will also 
be presented. 
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LAGEOS 

THERMAL/OPTICAL DESIGN AND ANALYSIS 


E. Granholm 
17 April 1974 
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THERMAL/OPTICAL DESIGN OBJECTIVES 


The LAGEOS thermal /optica I performance will be optimized if the individual retro- 
reflectors can be maintained in a nearly isothermal state. The LAGEOS thermal design/ 
analysis effort concentrates on minimizing axial and radial temperature gradients within 
the retror effectors. To achieve this objective, the thermal design: 

1* Thermally isolates the retroreflector s from the satellite structure (both radiation 
and conduction), and 

2. Utilizes thermal control coatings and/or finishes which minimize retroreflector -to 
satellite structure temperature differences. 
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LA GEOS 

THERMAL/OPTICAL DESIGN OBJECTIVES 


MINIMIZE RETROREFLECTOR AXIAL AND RADIAL TEMPERATURE 
GRADIENTS BY LIMITING RETROREFLECTOR /SATELLITE STRUCTURE 
HEAT EXCHANGE. 

PROVIDE HIGH THERMAL RESISTANCE MOUNTING OF RETROREFLECTORS 
TO SATELLITE STRUCTURE. 

UTILIZE TEMPERATURE CONTROL TECHNIQUES WHICH MINIMIZE 
RETROREFLECTOR /SATELLITE STRUCTURE TEMPERATURE 
DIFFERENCES. 



ORBITAL. ENVIRONMENT PARAMETERS 

do™r™x.64^T;;?S' E !«™' p? £!?t .«•■“•."”•• ■■>»“«- 

* ». » M . .*£. of 5 » 0 ” r..» ‘ ““• w,u 
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LAG EOS 

ORBITAL ENVIRONMENT PARAMETERS 
ORBIT CHARACTERISTICS 

ORBITAL ALTITUDE = 5900 KM 
EQUATORIAL INCLINATION = 110° 

ORBITAL ECCENTRICITY < 0. 01 

SATELLITE ATTITUDE = NO PREFERRED ORIENTATION 
SATELLITE SPIN RATE = NO SPIN 


CONSTANTS FOR HOT (WORST CASE) ENVIRONMENT (DEFINED BY MSFC 
TMX-64627 AND S&E-ASTN-PF 72-67) • ^ 

SOLAR CONSTANT = 1412.5 W/M 2 
ALBEDO REFLECTANCE = 30% 

EARTH IR EMISSION = 237.0 W/M 2 

. MAXIMUM INCIDENT HEATING RATES 

DIRECT SOLAR = 1412.5 W/M 2 (448. 0 BTU/HRFT 2 ) 

ALBEDO = 38.1 W/M 2 (12.1 BTU/HRFT 2 ) 

EARTH IR = 66.5 W/M 2 (21. 1 BTU/HRFT 2 ) 
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RETROREFLECTOR THERMAL PROPERTIES 


The pertinent thermal/physical properties of T-19 Suprasil 1 are presented to provide 
a basis for comparing the MSFC and BxA thermal math models. Thermal conductivity, 
specific heat, and specific gravity were obtained directly from Amersil, Inc., Hillside, 

New Jersey. Values of IR emittance and volumetric solar absorptance create maximum 
temperature gradients in the retroreflector . 



LAGEOS 

RETROREFLECTOR THERMAL PROPERTIES 

THERMAL PROPERTIES OF T-19 SUPRASIL 1 RECEIVED FROM AMERSIL, INC. HILLSIDE 


THERMAL CONDUCTIVITY 

TEMP (°C) 

K (CAL/SECCM°C) 


-5 0 

0. 0030 


20 

0.0033 


100 

0.0035 

SPECIFIC HEAT 

TEMP (°C) 

Cp (CAL/GM° C) 


-100 

0. 12 


-50 

0.14 


0 

0.17 


100 

0.23 

SPECIFIC GRAVITY = 2.20 

IR EMTTTANCE = 90% 




• VOLUMETRIC SOLAR ABSORPTANCE = 5% 
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TENTATIVE THERMAE CONTROL COATINGS 
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LAG EOS 

TENTATIVE THERMAL CONTROL COATINGS 

• COATINGS SELECTED TO BRACKET THE RANGE OF SOLAR ABSORPTANCE/IR 
EMITTANCE (a s/eir) RATIO FOR CONVENTIONAL TEMPERATURE CONTROL 
SURFACES. 

. IIT'S Z-93 WHITE ZINC OXIDE COATING (REFLECTIVE) 
as = 0.1 6 - 0. 22 
eir = 0. 89 

Acts 1 YEAR ULTRAVIOLET = 0. 11 

Aas 1 YEAR SYNCHRONOUS ORBIT =.0.17 

as / eir USED IN LAGEOS THERMAL ANALYSIS = 0. 2/0.9 

FLOWN ON ALSEP LASER RANGING RETROREFLECTOR ARRAYS 

. VDA- VACUUM DEPOSITED ALUMINUM (ABSORPTIVE) 

as ~ 0. 10 - 0. 20 
eir = 0. 05 

or s /eir USED IN LAGEOS THERMAL ANALYSIS = 0. 15 /0. 05 
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DESCRIPTION OF THERMAL MATH -MODEL 


The thermal math-model generated to predict temperature levels and heat exchange 
rates for LAGEOS is described. Typical retroreflector s, installed at various locations 
on the satellite surface, are analyzed in detail. The structural elements and retroreflector s to be 
examined were selected to indicate potential thermal design problem areas. 



F -AG EOS 

DESCRIPTION OF THERMAL MATH MODEL 


Item 

Node Identification 

Number of Nodes 

Inertial Weight 
(30M20452) 

1 , 2 

2 

Half Sphere 
(30M2 0453) 

3-12 

10 

Individual 

Retroreflectors 

50M24466 
1 50M24461 ' 

25 - 42 Retro #1, Full Sun 
50 - 67 Retro #2, 16° Off-Sun 
75 - 92 Retro #3, 45° Off-Sun 
100 -117 Retro #4, 180° Off-Sun 
125 -142 Retro #5, 90° Off-Sun 

1 8 Per Retro 
90 Total 

Clip 

(50M24467) 

43 - 45 Retro #1 
68 - 70 Retro #2 
93 - 95 Retro #3 
118 -120Retro #4 
143 - 145 Retro #5 

3 Per Clip 
15 Total 

Combined 

Retroreflectors 

151 - 160 

10 

SPACE 

201 - 206 

6 

TOTAL NODES 


133 


^ TOTAL NUMBER OF RADIATION AND CONDUCTION RESISTORS = 401 
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HEXAGONAL CORNER THERMAL DESIGN/ANALYSIS ASSUMPTIONS 

The hexagonally -faced retr or eflector and its associated mounting configuration was 
initially analyzed. The corner is suspended in its cavity at three points by a b ery Ilium - 
copper clip • The clip prongs are considered to be bent inward 0. 010 inches, before the 
corner is installed. This assumption is believed to create the worst-case (maximum) 
contact pressure on the corner, thereby maximizing conductive heat transfer between the 
cavity and the r etr or eflector . For this configuration, two thermal control coatings were 
investigated (Z-93 and YDA) and were assumed to be applied to the satellite exterior sur- 
face only. The cavity IR emittance corresponded to bare machined aluminum (cleaned and 
degreased) for both cases. Also, the face of the retro reflector was assumed flush with 
the satellite exterior surface. 
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LAGEOS 

HEXAGONAL CORNER THERMAL DESIGN /ANALYSIS ASSUMPTIONS 


CORNER CUBE, HEXAGONAL (DWG NO. 50M24466). 

CLIP (DWG NO. 50M24467) 

PRONGS OF CLIP INITIALLY BENT INWARD 
0. 010 INCHES (WORST CASE CONTACT PRESSURE). 

SATELLITE STRUCTURE, HALF SPHERE CONCEPT 
(DWG NO. 30M20453) 

EXTERIOR SURFACES COATED WITH: 

7-10 MILS Z-93 (a a /e ir = 0.2/0. 9). 

1200-1 50oA VDA (<* g /e ir = 0.15/0. 05). 

INTERIOR SURFACES: 

BARE MACHINED ALUMINUM, CLEANED AND DEGREASED (e ir 



Satellite Structure 


Corner Cube, 
Hexagonal 


= 0. 05), 
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SATELLITE STRUCTURE STABILIZATION TEMPERATURES - HEX CORNER 

Satellite core temperatures for the hex-faced corner, mounted Hush with the satellite surface 
and with Z-93 coating applied on the satellite, are presented. The highlights are as follows: 

1. The average satellite core temperature is approximately -29° C. 

2. The total satellite core temperature fluctuation, , during the orbit duration is 
within 1/4° C. 

3. The temperature gradient across the aluminum structure is approximately 3°Cifor a 
non- spinning satellite. 


22 



SATELLITE STRUCTURE STABILIZATION TEMPERATURES 

HEXAGONAL CORNER, FACE FLUSH WITH SURFACE. Z-93 COAT I NG ( , 2/ . 9) . FULL SUN 

LflGEOS 01 RUN DATE 04/03/74 


-26 


0 11 SATELLITE. SUN SIDE 


0 12 SATELLITE. SHRDOWEO SIDE 
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TYPICAL CORNER TEMPERATURE RESPONSES 

Typical corner temperature responses at various corner locations on the satellite, for the 
indicated conditions, are shown. The conclusions are: 


1. All corner temperatures range between -54 and -40° C. 

2. At any instant, the maximum temperature difference between corners is approxi 
mately 14* C. 


3. The maximum temperature fluctuation per corner for the orbit duration is 6®C (corner 
located on satellite top surface. ) 
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TYPICAL CORNER TEMPERATURE RESPONSES 


HEXRGONAL CORNER , FACE FLUSH WITH SURFACE, Z-93 COAT I NC ( . 2/ . 9) , FULL SUN 

LAGEOS 01 R UN DATE 04/03/74 
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WORST CASE CORNER TEMPERATURE DISTRIBUTIONS 

Temperature responses for the retroreflector oriented toward the sun, corresponding 
to the noted conditions, are described* The summarized results are: 


1. The average mounting clip -to -retro reflector temperature difference 
is 13 C. 


2. The corner maximum axial temperature gradient is 1.7°C. 


3. The corner maximum radial temperature gradient is 0. 2°C. 


4. Both the axial and radial temperature gradients are approximately constant 
over the orbit duration. 


>' 

i 

tN) 


26 



WORST CASE CORNER TEMPERATURE DISTRIBUTIONS 


HEXAGONAL 


CORNER. FACE FLUSH. WITH SURFACE 
LRGEOS 01 


■ Z-93 COATING (.2/. 9) .FULL SUN 
RUN DATE 04/03/74 
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0 25 CORNER FACE, EDGE 


0 31 CORNER FACE. MIODIE 
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SUMMARY OF HEX -FACED RETROREFLECTOR AND 
Z-93 THERMAL CONTROL COATING 

Maximum axial and radial temperature gradients are tabulated for five retro - 
reflectors at various locations on the satellite. Temperature gradients shown 
correspond to the hexagonal-faced retroreflector, with the face flush with the 
satellite surface and with Z-93 coating applied. The average maximum corner 
axial and radial temperature gradients are approximately the same for all corners. 
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SUMMARY OF THERMAL DESIGN/ANALYSIS 
HEXAGONAL FACE RETROREFLECTOR, Z-93 THERMAL COATING* 


Location 

■ 

Corner #1 
Normal to 
Sun 

Corner #2 
16° Off -Sun 

Corner #3 
45° Off-Sun 

Corner #4 
180° Off -Sun 

Corner #5 
90° Off-Sun 

Average 

E99 

■83HI 

1.74 

1. 75 



1.66 

1.66 

1. 70 

1. 70 

At 

a Radial 
(°C) 

0. 19 

0.20 

0. 19 

0. 33 

0. 35 

— 

0. 25 


* Z-93 THERMAL/OPTICAL PROPERTIES = °(s/<:ir = 0.2/0.9 


> 


29 


















SUMMARY OF HEX-FACED RETROREFLECTOR AND 
VDA THERMAL CONTROL COATING 


For the second thermal design condition, vacuum deposited aluminum (VDA) was 
assumed on the satellite. All other configuration and environmental factors remain tie 

^ e . aS P r o e r loUsly c ° n8 “*ered The average core temperature for the VDA 

o dition is 2 C, versus -29 C for the Z-93 case. The application of VDA coating 
induces maximum gradients of 2.79 and 0.44 C, respectively. 8 


> 

I 

IN) 

09 


30 



A-29 


LAG EOS 


SUMMARY OF THERMAL DESIGN/ANALYSIS 
HEXAGONAL FACE RETROREFLECTOR, VDA THERMAL COATING* 


Location 

Corner #1 
Normal to 
Sun 

Corner #2 
16° Off -Sun 

Corner #3 
45° Off-Sun 

Corner #4 
180° Off -Sun 

Corner #5 
90° Off -Sun 

Average 

AT Axial 
(°C) 

2. 84 

2. 83 

2. 72 

2. 76 

2. 79 

2. 79 

At 

11 Radial 
(°C) 

0.40 

0. 39 

0.40 

0. 52 

0. 51 

0.44 


* VDA THERMAL/OPTICAL PROPERTIES = ^s/^ir = 0.15/0.05 
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SUMMARY - HEXAGONAL-FACED RETROREFLECTOR AND 
THERMAL CONTROL COATINGS 

A direct thermal/optical performance comparison between the Z-93 and VDA 
coatings is shown. The results show that the optical performance for LAGEOS will 
be degraded if coatings possessing high a/ e ratios are used. If the LAGEOS corner 
is assumed to perform the same as a perfect -90° retroreflector, based on ALSEP 
program data, its relative central irradiance would decrease from about 70 to 38% 
corresponding to Z-93 and VDA, respectively. Although relative central irradiance 
is not a performance parameter of interest in LAGEOS, it is used only as a means 
of comparing relative performance. These results show that the LAGEOS optical 
performance will be influenced by the type of thermal control coating/finish applied 
to the satellite exterior surface. r 
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SUMMARY OF THERMAL DESIGN/ANALYSIS 
HEXAGONAL FACE RETROREFLECTOR 
COMPARISON OF THERMAL CONTROL COATINGS 


THERMAL 

COATING 

' 

Z - 93 

VDA 

At 

Axial 

1.70 

2. 79 

At 

Radial 

0. 25 

0.44 

R ELA T I VE C ENTR A L 
IRRADIANC E* 

70% . 

38% 


* BASED ON PRELIMINARY ALSEP THERMAL/OPTICAL PERFORMANCE 
ESTIMATES. viainv,*. 




CIRCULAR CORNER THERMAL DESIGN/ ANALYSIS ASSUMPTIONS 

The circular-faced retroreflector, and its associated mounting configuration, con- 
stituted the third thermal analysis condition investigated. The corner is held in the 
cavity by its three mounting tabs which are captured between two Kel- F rings. A 
6061-T6 aluminum ring and three #2-56 flat head screws provide structural attachment 
of the Kel- F rings to the satellite. A gap is provided between the rings and the corner 
tab to provide conductive isolation between the retroreflector and the satellite structure. 
The retroreflector front-face was assumed to be flush with the satellite surface. Z-93 
thermal control coating was assumed to be applied to the satellite outside surface and 
to the thermal control retainer ring exterior surfaces. 
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LAGEOS 

CIRCULAR CORNER THERMAL DESIGN/ANALYSIS ASSUMPTIONS 


CORNER CUBE, CIRCULAR (DWG NO. 50M24461). 
CLAMP RING, LOWER (DWG NO. 50M24459, P/N 1). 
CLAMP RING, LOWER (DWG NO. 50M24459, P/N 2). 


Satellite 

Structure 


Attachment Hdwr, 

/Thermal Control 
f Retainer Ring (BxA 

iz 



• SATELLITE STRUCTURE, HALF SPHEIZE CONCEPT (DWG NO. 30M20453). 

EXTERIOR SURFACE: 7-10 MILS Z-93 (a s /e ir = 0. 2/0. 9). 

INTERIOR SURFACE: BARE MACHINED ALUMINUM, CLEANED AND DEGREASED (e ir = 0. 05). 


Corner Cube, Circular 


Y* ATTACHMENT HARDWARE 

#2-56, 316 S/S FLAT HEAD SCREW WITH LOCKING HELICOIL INSERT 

TORQUED TO 2. 5 IN LBS AND BACKED-OFF TWO TURNS TO PROVIDE AN 
APPROXIMATE 0. 030 INCH "FLOAT 11 (MINIMIZES CONTACT PRESSURE). 


* THERMAL CONTROL RETAINER RING (BXA ADDITION TO MSFC DESIGN) 

PROVIDES TEMPERATURE CONTROL FOR UPPER CLAMP RING. 

AFFORDS STRUCTURAL SUPPORT FOR KEL "F" MATERIAL DURING MECHANICAL 
LOADING. 
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SATELLITE STRUCTURE STABILIZATION TEMPERATURES - 

CIRCULAR CORNER 


Satellite core temperatures for the circular -faced corner, mounted flush with 
the satellite surface and with Z-93 coating applied, are presented. The highlights 
are as follows: 

L The average satellite core temperature is approximately -36°C. 

2. The total satellite core temperature fluctuation during the orbit duration 
is within l/4 C. 

3. The temperature gradient across the aluminum structure is approximately 
2 C for a non -spinning satellite. 


> 


u> 
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TEMPERATURE (C) 


i SATELLITE STRUCTURE STABILIZATION TEMPERATURES 

' CIRCULAR CURNER.FACE FlU^HITH SURFACE. Z-93 COATIAG L2,. FULL ? SUN 


□ 11 SATELLITE. SUN SIOE 


0 12 SATELLITE. SHAOOWED SIOE 



nnff 

HHMH 

nBIBM 

HHUBB 


BENOIX AEROSPACE STSTEMS DIVISION 


125 150 

TIME (MIN) 


TYPICAL CORNER TEMPERATURE RESPONSES - 
CIRCULAR CORNER 

Typical corner temperature responses at various locations on the satellite, fo 
the indicated conditions, are shown. The conclusions are: 

1. All corner temperatures range between -67 and 47°C. 

2. At any instant, the maximum temperature difference between corners is 
approximately 20 C. 

3. The maximum temperature fluctuation, per corner, for the orbit duration 
is -7 C (in the corner located on the satellite top surface. ) 



TEMPERATURE tC) 


TYPICAL CORNER TEMPERATURE RESPONSES 

CIRCULAR CORNER. FACE FLUSH WITH SURFACE, Z-93 COAT I NG ( . 2/ . 9) , FULL SUN 

LRGE0S 03 RUN GATE 04/04/74 


0 31 CORNEA FACE, SATELLITE SUN SIOE 
A 106 CORNER FACE. SATELLITE OARK SIOE 


© 81 CORNER FACE .45 DEGREES OFF SUN 
» 131 CORNER FACE. SATELLITE TOP SIDE 


BENOIX AEROSPACE STSTEMS DIVISION 


125 ISO 

TIME (MIN) 
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WORST -CASE CORNER TEMPERATURE DISTRIBUTIONS - 

CIRCULAR CORNER 

Temperature responses for the retroreflector oriented toward the sun, 
corresponding to the noted conditions, are shown. The summarized results are: 

1. The average mounting ring -to -retro reflector temperature difference is 
13°C. 

2. The corner maximum axial temperature gradient is 1. 5°C. 

3. The corner maximum radial temperature gradient is 0. 2°C. 

4. Both the axial and radial temperature gradients are approximately constant 
over the orbit duration. 
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WORST CASE CORNER TEMPERATURE DISTRIBUTIONS 


CIRCULAR CORNER .FACE FLUSH WITH SURFACE. Z-93 COAT I NG ( . 2/ . 9) . FULL SUN 

LHUtuS 03 RUN DATE 04/04/74 
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SUMMARY OF CIRCULAR -FACED RETROREFLECTOR AND 
Z-93 THERMAL CONTROL COATING 


Maximum axial and radial temperature gradients are tabulated for five retro- 
reflectors mounted at various locations on the satellite. Temperature gradients shown 
correspond to the circular -faced retroreflector, with the face flush with the satellite 
surface and with Z-93 coating applied. The average maximum corner axial and 
radial temperature gradients are 1* 55 and 0. 20°C, respectively. Maximum 
temperature gradients are approximately the same for all corners. 
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LAGEOS 


SUMMARY OF THERMAL DESIGN ANALYSIS 
CIRCULAR FACE RETROREFLECTOR, Z-93 THERMAL COATING* 


Location 

Corner #1 
Normal to 
Sun 

Corner #2 
16° Off -Sun 

Corner #3 
45° Off -Sun 

Corner #4 
180° Off -Sun 

— 

Corner #5 
900 off -Sun 

Average 

At 

“ Axial 
(°C) 

1. 55 

1. 53 

1. 50 

00 

ID 

• 

I*-* 

1. 58 

1. 55 

^ T Radial 
(°C) 

0. 16 

0. 19 

0. 18 

0. 24 

0.25 

" 

0. 20 


* Z-93 THERMAL OPTICAL PROPERTIES = <Xs/6 ir = 0.2/0. 9 
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COMPARISON OF HEX AND CIRCULAR RETROREFLECTORS 
(Z-93 THERMAL CONTROL COATING) 

A direct comparison of thermal/optical performance for the hexagonal and 
circular retroreflector s is presented. All environmental aspects are the same and 
the only differences are the retroreflector configurations and their associated 
mounting hardware. Maximum average axial temperature gradients for the hexagonal 
and circular retroreflectors are 1.70 and 1. 55°C J respectively. Maximum average 
radial temperature gradients for the hexagonal and circular retroreflectors are 
0. 25 and 0, 20 C respectively. If the LAG EOS corner is assumed to perform the 
same as a perfect -90 (ALSEP-type) retroreflector, based on ALSEP program data, 
the relative central ir radiance for the hexagonal and circular configurations would 
be 70 and 78%, respectively. As described in a previous chart, relative central 
irradiance is used here only as a means of comparing relative performance. The 
actual effects of thermal gradients on LAGEOS performance parameters are to be 
determined later in this Phase B program. 
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LAG EOS 


SUMMARY OF THERMAL DESIGN/ANALYSIS 
Z-93 THERMAL CONTROL COATING 
COMPARISON OF HEXAGONAL AND CIRCULAR CORNERS 


CORNER 

TYPE 

HEXAGONAL 

CIRCULAR 

At 

(°C) Axial 

1. 70 

1. 55 

At 

Radial 

0. 25 

0. 20 

RELATIVE CEN - 

TRA L IRR ADIANC E* 

- — — — 

70% 

78% 


* BASED ON PRELIMINARY ALSEP THERMAL/OPTICAL 
PERFORMANCE ESTIMATES 
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SELECTION OF THE RETROREFLECTOR CONFIGURATION - 
THERMAL OPTICAL VIEWPOINT 

The thermal analysis has shown the circular retro reflector to be approximately 
11% better optically than its hexagonal counterpart. However, the laser impingement 
(frontface) area is about 10% larger for the hexagonal-faced retro reflector. It is 
believed that the superior optical performance of the circular-faced retroreflector may 
e counter balanced, to some extent, by the greater laser impingement area of the 
hexagonal-faced retroreflector. Considering all factors, there is little thermal/ 
optical performance difference between the two retroreflector configuration candidates. 
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LAGEOS 

SELECTION OF RETROREFLECTOR CONFIGURATION 
FROM THERMAL/OPTICAL VIEWPOINT 


11%* OPTICAL PERFORMANCE IMPROVEMENT FOR CIRCULAR 
RETROREFLECTOR OVER THE HEXAGONAL RETROREFLECTOR. 

FRONT FACE AREA FOR THE HEXAGONAL RETROREFLECTOR 
IS APPROXIMATELY 10% LARGER THAN THAT FOR THE CIRCULAR 
RETROREFLECTOR. 

SUPERIOR THERMAL PERFORMANCE OF CIRCULAR RETRO- 
REFLECTOR IS COUNTERBALANCED BY INCREASED FACE AREA 
OF HEXAGONAL RETROREFLECTOR. 

THERE IS MINIMAL OPTICAL PERFORMANCE DIFFERENCE 
BETWEEN THE HEXAGONAL AND CIRCULAR RETROREFLECTORS. 


47 



A- 46 


CONCLUSIONS AND RECOMMENDATIONS 


The conclusions and 
as conducted to date, are: 


recommendations of the LAGEOS thermal design/analysis, 


1. On the basis of thermal/optical performance, the circular and hexagonal 
retro reflectors are approximately equivalent. 

2. It is essential to.radiatively and conductively, decouple the retro reflector 

rom its mounting cavity to minimize temperature gradients. 

3. Thermal control coatings which minimize the satellite core temperature 
will also minimize r etr or ef lector temperature gradients. For this 
reason, coatings/finishes having stable values of low solar absorptance 
and high IR emittance are required for optimum performance. 
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LAGEOS 

CONCLUSIONS AND RECOMMENDATIONS 


OPTICAL PERFORMANCE FOR THE CIRCULAR AND HEXAGONAL 
RETROREFLECTORS ARE APPROXIMATELY EQUIVALENT. 

LAGEOS OPTIMUM THERMAL DESIGN WILL RADIATIVELY AND 
CONDUCTIVELY ISOLATE THE RETROREFLECTORS FROM THE 
SATELLITE STRUCTURE. , 

IDEAL THERMAL CONTROL COATINGS WILL POSSESS STABLE 
PROPERTIES OF LOW SOLAR ABSORPTANCE AND HIGH IR 
EMITTANCE. 
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POTENTIAL, THERMAL CONTROL COATINGS 


f ^ T aS 1 state -of -the -art passive thermal control coatings, which are suitable 
o • are tabulated. The leading contenders appear to be IIT's Z-93 and 

1 “ *' ord ' r - “• »i ..«h 
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LAGEOS 

POTENTIAL THERMAL CONTROL COATINGS 


coating/finish* 

THERMAL/OPTICAL 
PROPERTIES 
(a s/eir) 

ADVANTAGES 

DISADVANTAGES 

CLEAR SULFURIC 
ACID ANODIZE 

0.52/0.86 

INITIAL PROPERTIES 
ARE SATISFACTORY; 
EASY TO APPLY. 

UNSTABLE, DEGRADES 

TO 0.7 2 AFTER ONE YEAR 
EXPOSURE TO UV. 

GRIT BLASTED 



0.46/0.30 

STABLE THERMAL/ 
OPTICAL PROPERTIES. 

PROPERTIES ARE NOT 
OPTIMUM FOR LAGEOS. 

VDA/SiO 
— — 

0.15/0.60 

DESIRABLE PROPERTIES; 
NO DEGRADATION. 

DIFFICULT TO APPLY; 
EXTREMELY FRAGILE. 

ITT'S Z-93 

0.2/0. 9 

DESIRABLE PROPERTIES; 
PREVIOUSLY FLOWN ON 
ALSEP LR 3 MISSIONS; 
STABLE, as DEGRADES 
TO 0. 30 AFTER ONE YEAR 
EXPOSURE. 

DIFFICULT TO APPLY AND 
TO KEEP CLEAN. 

PORCELAIN/ENAMEL 

0.26/0.85 

DESIRABLE PROPERTIES; 
STABLE. 

DIFFICULT TO APPLY, 

NO FLIGHT PERFORM- 
ANCE DATA. 1 


& 

COMPATIBLE WITH 6061 -T6 ALUMINUM SUBSTRATE. 
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FUTURE THERMAL DESIGN/ ANALYSIS WORK 


It is necessary that baseline thermal control coating characteristics be selected 
for the LAGEOS Phase B effort at this tim 
conducted. Other areas of future thermal 
listed. 


e. Further analysis effort can then be 
analysis effort to be performed are also 
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LAGEOS 

FUTURE THERMAL DESIGN /ANALYSIS WORK 


INVESTIGATE RECESSION OF RETROREFLECTOR INTO SATEI T tttt 
STRUCTURE UP TO A DEPTH OF ONE CENTIMETE^ SATEE LITE 

SELECT THERMAL CONTROL COATING(S) FOR LAGEOS AND 
DETERMINE EFFECTS OF THERMAL/OPTICAL PROPERTY 
DEGRADATION ON SATELLITE OPTICAL PERFORMANCE. 

DEVELOP A TEST ITEM/CHAMBER THERMAL MATH MODEL TO 
DETERMINE RETROREFLECTOR HEATING/ COOLING RATES 
TEMPERATURE STABILIZATION TIMES, AND TEST ITEM 
TEMPERATURE LEVELS. 

PROVIDE ITEK WITH RETROREFLECTOR TEMPERATURE 

distributions to permit optical performance predictions. 
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LAGEOS 


STRUCTURAL/DYNAMIC DESIGN AND ANALYSIS 


J. Maszatics 
17 April 1974 
Updated 1 June 1974 
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This chart presents a brief description of the math model used for the structural 
analyses of the LAGEOS hex-faced CCR/ support clip assembly* 
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STRUCTURAL ANALYSIS MATHEMATICAL MODEL OF A SINGLE 
CCR / SUPPORT CLIP ASSEMBLY 


THIRTY-ONE (31) NODES 
. THIRTEEN (13) SOLID ELEMENTS 

, TWENTY-FOUR (24) BEAM ELEMENTS 

ONE PERCENT (1%) CRITICAL DAMPING 
TOTAL RESTRAINTS (BUILT-IN) AT NODES 29, 30, & 31 
♦ NO MOMENTS NOR AXIAL LOADS AT NODES 14, 15 & 16 

CCR - 13 SOLID ELEMENTS (TETRAHEDRONS) 

9 RIGID-MASSLESS BEAMS 

CLIP - 15 BEAM ELEMENTS 


> 


57 



The following group of charts define the math-model for the LAGEOS structural analyses. 

math-moLTntd^^^xiToHg^of ircoord^ate^er^s'lf ^he VcR ! 6 > of the 31 

perpendicular to the CCR hex-face, the x2-axis parallel to the hev f * P ®j’ th ® x3 ' axis 

pair of sides on the hex-face, and the remaining xl-axis completing the ^J er P endicular a 

number^that ^a ^ 1 the°^ur R corners e of^each 8 te^rahedron^^U^o XslT* *£ £ °" ^ "° d ® 

assies-,” - the t-ss* 


> 

1 

V* 

un 
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CDC/MRI STARDYNE MATHEMATICAL MODEL 

FOR LAGEOS 
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NO MARE 


s' 

V 

*•* MATERIAL PROPERTY TABLE. 


£ FO IS . RATIO 


DENSITY 


I 

AL PHA ! 


1 QUARTZ 

2 BE CU 


* 717030 EtO 9 . 17000 OEtOO 

. 13360 0 Etl 0 . ,33000 OE *0 0 


• 220000Et01 .550QDOE-06: 
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REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 


A-56 



A-57 


. . J? 16 Beam Secti0n Pr °Perty Table lists the area (cm2), torsional moment of j ^ 4 

and both cross-sectional moments of inertia (cm 4 ) for each beam type used in the model! 

,*«. mi’x. ?.?. * - «- 

li... .h, «d,h. thickness (H2 end H3, ,„d 

properties given in the previous table. The 1'pin code" retains tn\ ^ i lterates the section 
of beam ends to resist forces and moments. The "111100", at beamsT ^ *lnd 3 * ltoit^th 1 * 7 

mounting pins to provlde only lateral force8 * reBtrain ^ motion of ^ ' ** * e 

is the closest approximation to the actual loading expected. condition 

nodes. T Nod!f^ C To 8t a a n i d t 3l a a b !e S * emotio " co - trai nts, de not e d by (l),imposed at certain 
, \ * are restrained-no translations nor rotations are allows tu 

nodes represent the base of the support clip which is assumed to be "built-in". 
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C DC/ MR I STARDYNE MATHEMATICAL MODEL FOR LAGEOS 

••• BEAH SECTION PROPERTY TABLE »*» 
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*** NOOAL RESTRAINT TABLE *♦* 
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xs 

X6 

restraints 

29 

1 

1 1 

1 
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l 
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30 

1 

1 1 

1 

1 

1 

i RESTRAINTS __ 

31 

1 

1 1 

1 

1 

. 1 


I 
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This chart, identified as Figure 1, is the front view (y-z plane) of the CCR/clip 
math-model, showing the nodal locations. 
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A-61 


This chart, identified as Figure 2, is the side view (X-Z plane) of the CCR/clip 
math model, showing the nodal locations. F 
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CDC/MRI STARDYNE MATHEMATICAI 
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This chart, identified as Figure 3, is the top view (X-Y plane) of the CCH/clip assy 
math model, showing the nodal locations. 
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This chart, identified as Figure 4, is a 
showing the nodal locations. 


rotated view of the CCR/clip assy math model. 
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CDC/MRI STARDYNE MATHEMATICAL MODEL FOR LAG EOS 
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This chart defines the specified (SOW and Study Plan Guidelines) sinusoidal and random 

environment used as the base (nodes 29, 30, and 31) input levels to the math model 
for the dynamic analyses. 
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DYNAMIC ANALYSIS INPUTS 



SINUSOIDAL VIBRATION INPUT (x. v. 

& z - Axes ) 

FREQ. 

RANGE (HZ) 

LEVEL (g - peak) 

5 

16 

2. 3 

16 

22 

6. 8 

22 

200 

2. 3 

200 

- 2000 

5. 0 


RANDOM VIBRATION INPUT (x. y, fc z - Axes) 


FREQ. 

•' 1 z 

RANGE (HZ) 

LEVEL 

20 

- 300 

+ 3 db/ oct. 

300 

- 2000 

0. 05 g 2 /H5 
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rr ,., TiiS li8tB the sinu B oidal vibration analysis results for the MSFC -designed hex-faced 

CCR/support clip assembly. Natural frequencies and maximum dynamic displacements are shown 
and compared with the allowable (cavity-limited) displacements. The CCR will exceed the allow 
able displacement in the X- and Y- directions. The clip displacements are acceptable AUo 

structural fail^^TaTl V ^ ^ corres P ondin g margin of safety, which predict 

support tl CCR 8868 are Pr6diCted at the baSe ° f the cU P and the pins which 
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ANALYSIS RESULTS (0, 0508 cm x 1,112 cm CLIP) 


SINUSOIDAL RESPONSE - CCK 


Input 

Axis 

Natural 
F req. 

Response 

Axis 

Maximum 

Displacement 

Allowable 

Displacement 

X 

447 Hz 

X 

0, 047 cm 

-- 

0. 029 cm 

Y 

447 

Y 

0. 047 

0. 029 

Z 

365 

Z 

0. 015 

— 


SINUSOIDAL RESPONSE - CLIP 


Input 

Axis 

Natural 

Freq. 

R esponse 
Axis 

Maximum 

Displacement 

Allowable 

Displacement 

X 

331 Hz 

X 

0, 072 cm 

0, 194 cm 

Y 

331 

X-Y 

0. 063 

0. 194 

Z 

365 

X 

0, 115 

0. 194 


Maximum Stress 
Yield Stress 
Margin of Safety 


71,210,000 gm/cm 2 
9, 140, 000 

Neg. 
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C.r*/I h v h h t, ran ° m Vlbratl0n analysis results for the MSFC -designed hex-faced 

i7 R/ k 1 PP clip assembly. Maximum dynamic displacements are given and compared with 
allowable (cavity-limited) displacements. The allowables are not exceeded. Also shown are 
t e maximum stress level and the corresponding margin of safety, which are satisfactory. 
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ANALYSIS RESULTS (0, 0508 era x 1, 1 12 cm) 


RANDOM RESPONSE - CCR 


Input 

Axis 

R esponse 
Axis 

R-M-S 

Displacement 

Peak (3 <T) 
Displacement 

Allowable 

Displacement 

X 

X 

0, 0054 cm 

0, 016 cm 

0. 029 cm 

Y 

X - Y 

0. 0053 

0. 016 

0. 029 cm 

Z 

Z 

0. 0028 

0. 008 

— 


RANDOM RESPONSE - CLIP 


Input 

Axis 

- - ■ 

Response 

Axis 

R-M-S 

Displacement 

Peak (3 <r) 
Displacement 

Allowable 

Displacement 

X 

X 

0. 0128 cm 

0. 038 cm 

0, 194 cm 

Y 

X - Y 

0. 0110 

0. 033 

0. 194 

z 

X 

0. 0203 

0. 061 

0. 194 


Maximum Stress (R-M-S) 
Maximum Stress (peak - 3 <r) 
Yield Stress 
Margin of Safety 


506, 000 gm/cm^ 
1, 520, 000 
9, 140, 000 

+3. 01 
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73 * 


feasJmV 8 , T ° dem ° n8trate *• ^ 8ign concept 

analysis are shown here. The dynamo dislcZ 'J It T l ° f the e ™ id *l 

to the original design. Allowable displacements are morlth ® e ” reduced significantly, relative 
placements. Stresses were not computed. h C ® maximum Predicted dis- 
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ANALYSIS RESULTS (0. 127 cm x 1.6764 cm) 


SINUSOIDAL RESPONSE - CCR 


Input 

Axis 

Natural 
F req. 

Response 

Axis 

Maximum 

Displacement 

Allowable 

Displacement 

X 

1026 Hz 

X 

0. 00057 cm 

0. 029 cm 

Y 

1026 

Y 

0. 00056 

0. 029 

Z 

1063 

Z 

0. 00099 



SINUSOIDAL RESPONSE - CLIP 


Input 

Axis 

Natural 
F req. 

Response 

Axis 

Maximum 

Displacement 

Allowable 

Displacement 

X 

1026 Hz 

X 

0. 012 cm 

0. 029 cm 

Y 

1026 

X-Y 

0. Oil 

0. 029 

Z 

1063 

x 

0. 008 

0.029 
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This final chart lists the significant conclusions derived from the analysis. The hex-faced 
clip mount design concept is feasible, but will require* a stiff er support clip. 
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CONCLUSIONS 


U CLIP DESIGN CONCEPT IS FEASIBLE 

2 ) °* 05 08 cm (0. 020 in. ) CLIP IS STRUCTURALLY INADEQUATE. 

3 > °- 127 cm (°* 050 in. ) CLIP IS COMPATIBLE WITH PRESENT HOLE 

DIAMETER (4.445 cm). 


> 
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LAGEOS TEST PROGRAM STATUS 
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TEST PROGRAM SUMMARY 


The current LAGEOS Phase B test program consists of four (4) basic test efforts. These 
tests and their objectives are defined in the Program Study Plan and are summarized to 
provide a basis for understanding the descriptions of the test articles, test equipment and 
test conditions which follow. 


> 
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LAGEOS TEST PROGRAM SUMMARY 


TESTS 


OBJECTIVES 


EARLY VIBRATION TESTS 


EARLY THERMAL /OPTICAL TESTS 


FINAL THERMAL/OPTICAL TESTS 


FINAL VIBRATION TESTS 


- VERIFY DYNAMIC CHARACTERISTICS OF SELECTED MOUNT 
DESIGN FOR LAGEOS HEX-FACED RETROREFLECTOR AND 
LAGEOS WORST-CASE DYNAMIC ENVIRONMENTS 

- VERIFY TEST SET-UP 

- OBTAIN OPTICAL PERFORMANCE DATA FOR ALSEP AND 
GEOS-C RETROREFLECTORS 

- EARLY EVALUATION OF SELECTED THERMAL DESIGN PARA- 
METERS 

- OBTAIN LAGEOS RETROREFLECTOR FAR-FIELD PATTERNS 
AND PHOTOMETRIC MEASUREMENT OF RETURN BEAM FOR 
ISOTHERMAL AND SIMULATED ORBITAL THERMAL CONDI- 
TIONS (INCLUDING WORST-CASE) AND FOR VARIOUS LASER 
INCIDENCE ANGLES. TESTS ARE RUN BEFORE AND AFTER 
VIBRATION TESTS 


- EXPOSE THE FINAL TEST ARTICLE TO LAGEOS WORST- 
CASE DYNAMIC ENVIRONMENTS TO EVALUATE THE EFFECT 
ON THERMAL /OPTICAL PERFORMANCE. ~ 


> 

i 

-4 

xO 
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OVERALL, THERMAL/OPTICAL, TEST ARRANGEMENT 


The overall equipment arrangement, in and around the Bendix 4x8 vacuum chamber, 
is shown for the early and final thermal/optical tests. The test article is mounted in 
the thermal/optical test fixture, a rotary-linear manipulator. The test article will be 
rotated to face the solar simulator (arc lamp) and earth IR simulators to achieve the 
desired thermal conditions. A heat exchanger provides a temperature-controlled 
liquid to the test fixture for additional thermal control of the test article. The test 
article will then be rotated 180° to face the Far-Field Diffraction Instrument, which 
generates the laser beam and collects, displays, photographs and analyzes the diffraction 
pattern of the return beam. Thermocouples are mounted on the test article and at 
various places in the thermal /vacuum chamber. An optical (laser) window is mounted 
in the chamber, at the FFDI end, to permit entrance and exit of the laser beam with 
minimum beam degradation. Thermal control of this optical window is also provided to 
minimize thermal distortion of the window. 
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LAGEOS TEST ARTICLES - REQUIREMENTS 

The requirements for the final test article were considered initially to establish the 
overall configuration of both the early and final test articles and the requirements for 
the thermal/optical test fixture design. These requirements are summarized in the 
chart. 

The selection of the 0.25 inch cavity separation was made to ensure that the retro- 
reflector/mount assembly would be exposed only to the specified satellite input environ- 
ment and not be affected by conditions peculiar to the test article (i. e. not representative 
of the actual complete satellite structure which is expected to have a transmissibility 
of 1 to the retroreflector mount interfaces). 

The requirements for the Early Test Article were then developed. The overall require- 
ments are also summarized in the chart. 
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LAGEOS TEST ARTICLES - REQUIREMENTS 


FINAL TEST ARTICLE 

- PROVIDE MOUNTING FOR 6 LAGEOS RETROREFLECTORS (GEOS-C TYPE OR ALSEP-TYPE) 

- 3 X 2 PATTERN (TEST FIXTURE DESIGN, SOLAR BEAM DIAM. , THERMAL INSTR. REQTS. ) 

- CAVITY SEPARATION * 0. 25 IN. (DYNAMIC TEST, LASER BEAM REQTS) 

- TIE-DOWNS FOR VIB._TEST & THERMAL/OPTICAL TEST 
-MATERIAL: 6061 -T6,OR EQUIV. , ALUMINUM 


- BACK SURFACE FLATNESS AND SURFACE FINISH FOR GOOD THERMAL 
THERMAL/OPTICAL FIXTURE. 


CONTACT WITH 


- FRONT FACE SIZED BY ALSEP-TYPE LAGEOS RETROREFLECTOR 

- HEIGHT SIZED BY GEOS-TYPE LAGEOS RETROREFLECTOR 
EARLY TEST ARTICLE 

- SAME SIZE AS FINAL TEST ARTICLE (TEST FIXTURE INTERFACES) 

- SAME CAVITY LOCATIONS 


- VIBRATION TEST: ONE CAVITY UTILIZED 

- THERMAL/OPTICAL TEST: FOUR CAVITIES UTILIZED; VIBRATION CAVITY COVERED 

- DETAIL REQUIREMENTS : SEE NEXT CHART 


87 



A-84 


EARLY TEST ARTICLE - DETAIL REQUIREMENTS 
The detail requirements for the Earlv a , 

should be noted that during the Early Vibration T ° f 316 tebulated 1x1 the chart. It 
e mounted only in cavity A-l and no retroreflector s ! i nT llate ' i ret r°reflector will 
C-l and C-2. During the Earlv Thermal /rw ^e in ca vities B-l, B-2 

over for thermal control reasone™ 1 ^* 1 Test ’ «vity A-l will be capped 
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TABLE I 


Early Test Article 
, Applications 

Early Vibration 
Test 

Early Thermal/Optical Test 

Cavity Desig. 

A-l 

A- 1 

B-l 

B-2 

C-l 

C-2 

Retroreflector 







• Configuration 

LAGEOS Hex-Faced 

Capped 

Over 

ALSEP 

ALSEP 

GEOS-C 

GEOS-C 

- Type 

Aluminum Simulator 
w/Accel. Installed 
(3 Pico-Min Accel. ) 

n/a 

Flight 

(GFE) 

Dummy 

(GFE) 

Flight 

(GFE) 

Flight 

(GFE) 

- Design 

TBD 

(Based on MSFC Dwg 
SOM 24466) 

n/a 

PE Dwg 
100-2664 
(Rev A) 

PE Dwg 
100-2664 
(Rev A) 

APL Dwg 
7234-1076 

APL Dwg 
7234-1076 

Mount 







- Configuration 

LAGEOS Clip 
(Modified) 

N/A 

LAGEOS 

Rings 

(GFE) 

LAGEOS 

Rings 

(GFE) 

GEOS-C 

Clip 

(GFE) 

GEOS-C 

Clip 

(GFE) 

- Design 

TBD 

(Based on Dynamic 
Analysis Results) 

N/A 

MSFC Dwg 
5 OM 24459 

MSFC Dwg 
50M 24459 

MSFC Dwg 

5 OM 2446 7 
(Rev--) 

MSFC Dwg 

5 OM 24467 
(Rev-) 

Cavity 







- Upper Dia 

4.45 cm (1.75 in.) 

N/A 

4. 76 cm 
(1. 875 in.) 

4. 76 cm 
(1.875 in.) 

4. 13 cm 
( 1 . 6 25 in. ) 

4. 13 cm 
(1.625 in.) 

• Upper Depth 

• 

As req'd for 1 mm 
Recess of Retroreflector 

N/A 

As req'd for 
1 mm Recess • 





Front Face 


Retroreflector 
Front Face 




- Lower Dia 

n/a 

N/A 

3. 94 cm' 
(1. 55 in. ) 

3. 94 cm 
(1. 55 in. ) 

N/A 

N/A 
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EARLY TEST ARTICLE - CONFIGURATION 

The configuration of the Early Test Article is shown in this chart, a partially-completed 
drawing for the test article panel. The lower left-hand cavity is A-l; the center two 
are B-l and B-2 and the right-hand pair are C-l and C-2. The test article panel 
is a 7. 125 x 5 x 2. 4 -inch 6061 -T 6 aluminum block. The six holes provided for tie-down 
to the thermal /optical test fixture and the vibration test fixture are also shown. 
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REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 
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FAR-FIELD DIFFRACTION INSTRUMENT (FFDI) REQUIREMENTS 

The requirements for the FFDI, the primary test instrumentation for the thermal /optical 
tests, are summarized. The measurement output of this instrument will be in three 
forms, as shown. The detail requirements are specified in a Bendix Requirements 
ocument which is the basis for the Zygo Corporation fabrication and test of the FFDI. 
The FFDI is being procured as Bendix capital equipment. 
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FAR-FIELD DIFFRACTION INSTRUMENT 


The FFDI optical configuration is shown Schematically in this chart. This configuration now 
eliminates the multiple-reflection interference effects of a linearly-polarized output 
and return beam, which was a problem in an earlier configuration. Either a linearly- 
polarized or a circularly-polarized beam may be selected, by insertion of the appropriate 
retardation plate. ^ 

The optical configuration has been breadboard tested at Zygo. Only the final retardation 
plates remain to be received at Zygoj an initial set was breadboard tested but was 
unacceptable for the final instrument. 


> 


94 



-90 







TEST FIXTURE REQUIREMENTS 


The various test fixtures are listed and their requirements are summarized. The designs 
for each will be described in later charts. The drawings for all, except the vibration test 
fixture, have been released for fabrication. 
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TEST FIXTURE REQUIREMENTS 


THERMAL/OPTICAL TEST FIXTURE 

• Support test article 

• Test article positioning 

• Thermal control for test article 

• Test fixture thermal control & vacuum seal 
OPTICAL WINDOW ASSEMBLY 

• Support window at FFDI viewing port 

• Limit window temperature gradients 

• Vacuum seal 
FFDI PLATFORM ASSEMBLY 

• Support FFDI at chamber port 

• Leveling & alignment with chamber & test article 
VIBRATION TEST FIXTURE 

• Use Thermal/Optical test article 

• Transition plate to shaker tie-down 

• Mounting for vibration control accelerometer 
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THERMAL/OPTICAL TEST FIXTURE 


The detail requirements for the thermal/optical test fixture are summarized, 
provides support, orientation and thermal control for the test articles. 


The fixture 
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THERMAL/ OPTICAL TEST FIXTURE 


• SUPPORT TEST ARTICLE AT CHAMBER CENTER LINE 

• LINEAR MANIPULATION PLACES SELECTED RETROREFLECTOR ON FFDI AXIS 

• 180° ROTATION FOR VIEWING FFDI OR SOLAR RADIATION 

• ROTARY INDEXING & VERNIER ORIENTATION OF SOLAR ANGLE AND FFDI READOUT 

• TEST ARTICLE THERMAL CONTROL SHROUD WITH LIQUID LINES 

• THERMAL CONTROL OF TEST FIXTURE 

• SUPERINSULATION BLANKETING OF TEST ARTICLE AND TEST FIXTURE 

• VACUUM SEAL AT CHAMBER PORT 

• GUARD VACUUM FOR MANIPULATOR MECHANISM 
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THERMAL/OPTICAL TEST FIXTURE - DESIGN 

The overall assembly design of the thermal /optical test fixture is shown in the chart, a 
reduction of one sheet of the drawings for the test fixture. The circular plate provides 
for attachment to the 4x8 chamber port and for sealing of the fixture to the purt. The 
right end of the fixture shows the test article in place. The left end of the fixture is 
outside of the chamber and provides for manipulation control and access to the feed line 
tubing to the thermal control shroud at the test fixture location. 
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THERMAL/OPTICAL TEST FIXTURE . ORIENTATION ADJUSTMENT DESIGN 
The means for fine adjustment of the test fixture and . 

A reduction of the drawing which describes the hardware provided for thi * 1116 Chart * 

adjustment is shown. Gross orientation control is provided by 10° increl m * crome ter 
The micrometer adjustment hardware provides the mean*, fn Jr ° l “ cremental settings, 
these 10° increments. 8 ^° r * ine a djuBtment between 
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OPTICAL. WINDOW ASSEMBLY 


The drawing for fabrication and assembly of the optical window assembly i 0 shown in this 
chart. The assembly supports the optical (laser) window and provides the seal at the window. 
A thermal control hood is provided on the assembly to shield the optical window from the 
cold wall and maintain the window in an isothermal condition. The hood will include a 
heater and will be covered by multilayer insulation. The entire assembly will be mounted 
and sealed at the existing port in the end of the 4 x 8 chamber, opposite the chamber door 
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FFDI PLATFORM ASSEMBLY 

The FFDI will be mounted on a platform assembly to provide a means for aligining the 
FFDI laser beam with the test article target retroreflector on the chamber center -line. 

Three screws are provided for adjustment purposes. The drawing for this assembly is 
shown in the chart. 1 
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LAGEOS VIBRATION TEST FIXTURE 


The chart summarizes the requirements for the design of the vibration test fixture. The 
fixture provides a transition between the test article and the Bendix vibration test system. 
Detail design and generation of the drawing for this fixture has not yet begun. ' 
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LAGEOS VIBRATION TEST FIXTURE 
MATERIAL: ALUMINUM ALLOY (AVAILABLE STOCK) 

SIZE: APPROX. 7X10X11/2 

THREADED HOLES: TIE-DOWN OF TEST ARTICLE TO TEST 

AS DEFINED IN TEST ARTICLE DWG. 


F IXT URE j PAT TERN 


COUNTER-BORED THRU-HOLES: TIE-DOWN OF TEST FIXTURE TO SHAKER HEAD 

OR SLIP PLATE 


PATTERN TO BE SELECTED FROM THREADED 
HOLES ON SHAKER HEAD OR SLIP PLATE AND 
TO BE CLEAR OF TEST ARTICLE TIE DOWN 
HOLES. 


> 
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TEST EQUIPMENT AND EXPENDABLES 


The chart summarizes the test equipment and expendable items required for the LAGEOS 
test program. The three test fixtures, previously described, are also listed,. The due 
dates shown are the present schedule dates; the fabrication of the piece parts for these 
fixtures have had to be off-loaded to outside shops, because of the current work load in the 
Bendix manufacturing facility, and confirmed dates are not yet available. 

All test equipment and expendables are presently available at the Plant 2 facility, with the 
exception of the special fine-wire thermocouples required for instrumentation of the test 
article, which are being procured. 


> 
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TEST EQUIPMENT AND EXPENDABLES 
TEST FIXTURES 


• 

Thermal/ Optical Test Fixture 

Due in 4/26/74 

• 

Window Feed-thru Assembly 

Due in 4/26/74 

• 

FFDI Leveling Plate 

Due in 4/26/74 

TEST EQUIPMENT 


• 

T/V Chamber (4x8) 

Available * 

• 

Solar Simulator (2) 

Available 

• 

Radiometer 

Available 

• 

Heat Exchanger 

Available* 

• 

Data Acquisition System 

, Available* 

• 

Roughing Pump 

Available 

• 

Power Control & Metering 

Available 

• 

Optical Alignment Instrumentation 

Available* 

• 

FFDI Support Table 

Available 

• 

Earth IR Simulator 

Available 

• 

Vibration Test System 

Available* 

• 

Polaroid Camera 

Available* 

• 

Vibration Instrumentation 

Available* 

EXPENDABLES 


• 

Test article thermocouples 

Due in 4/30/74 

• 

Cryowall & fixture thermocouples 

In Stock 

• 

Liquid Nitrogen 

In Stock 

• 

Carbon Rods 

In Stock 

• 

Magnetic tape 

In Stock 

• 

Polaroid film 

In Stock 


*By Schedule 

\ 
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LAGEOS TEST PROGRAM - WORST CASE DYNAMIC ENVIRONMENT 


The vibration environment presently defined for the LAGEOS satellite and planned 
to be imposed on the Test Articles is shown in the chart. It can be seen that there 
are two "open" items (TBD) in the chart for which inputs are required from MSFC. 
These levels on those presently defined in the contract SOW and the Study Plan 
guidelines. 



LAGEOS TEST PROGRAM 
WORST-CASE DYNAMIC ENVIRONMENT 


SINUSOIDAL VIBRATION (2 OCT/MIN) (THREE AXES - ONE SWEEP PER AXIS) 


5-16 HZ 

2,3 g-PKAK 


16-22 

6. 8 


22-100 

2.3 


100-200 

TBD \ 


200-2000 

5.0 j 

EQUIVALENT SHOCK ENVIRONMENT 

RANDOM VIBRATION 

(DURATION: 

TBD) (THREE AXES) 

20-300 HZ 

+3 dB/OCT. 


300-2000 HZ 

0. 05 G 2 /HZ 

9.8 GRMS 


> 
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EARLY THERMAL/OPTICAL TEST CONDITIONS 

The test conditions currently defined in the Test Plan for the early thermal/ 
optical tests are shown in the chart. Optical performance will be measured on two 
different retroreflector configurations, each in the orientation shown and at the laser 
field angles indicated. These early tests are intended to provide a test set-up 
checkout, obtain some performance data on the ALSEP and EOS-C retro reflectors to 
provide an early indication of the behavior of the retroreflector s under these conditions 
and to permit evaluation of the basic thermal conditions selected. 

These are tentative selections and will be under review at Bendix prior to the 
next update of the Test Plan. MSFC comments and suggestions are desired prior to 
final selection for the Test Plan update. 
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Early Thermal/Optical Test Conditions 


Retroreflector Orientation 


Test Type 


Isothermal /Ambient 



Pressure 

(Torr) 


Test Article 
(Core) 
Temp. (°C) 

Cold wall 
Temp. 
(°C) 

Solar 

Angle 

Laser 

Field 

Angles 

Laser ( 

Polarisation \ 

Ambient 

Ambient 

N/A 

A: -16° 

Linear | 




4 0° 

■ 

in plane 




0° 

of laser 




+ 30° 
+45° 
G: -20 c 

field angles. 




~10 e 



Isothermal/ Vacuum 


1 x 10‘ 6 


Ambient Ambient N/A Same Same 


Th e rma 1 / Va c uum 


. l TBD 

1 x 10 (-30 + 15} 


1 Sun Same j Same 


GEOS - C Retroreflector 
ALSEP Retroreflectors 


o 










LASER FIELD ANGLES - THERMAL/OPTICAL TESTS 


This chart defines the laser field angles shown in the previous chart for 
the early test program. It also applies to the following chart for the Final Test Pro- 
gram. It is believed the angles selected provide the optimum amount of data and 
will permit generation of performance curves as a function of laser field angle. 

Three of the angles shown (-10, 0, -30) correspond to those for which optical 
performance is being generated analytically, at Itefc. 




113 


FINAL THERMAL/ OPTICAL TEST CONDITIONS 


T hlS chart 8howB the Present plan for test conditions in the Final Thermal/ 
Optical Tests. It has been increased in scope from that originally proposed by 
Bendix. The number of laser field angles for which data is being obtained has been 
increased from 6 to 8. As shown in the previous chart these are selected to provide 
more data points for a more accurate representation of performance versus laser 
leld angle. Tentative test article temperature is shown; the final level will be 
obtained from the thermal analysis task and is dependent on the satellite coating 
characteristics selected. The range of solar angles selected should provide suffi- 
cient data on the effects of both retroreflected and "break-through" solar heating. 


As in the previous chart, these are tentative selections and MSFC comments 
and suggestions are solicited to supplement Bendix review inputs. The final 
selections will be incorporated in the final Test Plan update. 


> 

i 
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FINAL THERMAL/ OPTICAL TEST CONDITIONS 


T est 

Description 

Retroreflc 
Parallel 
to Edge 

sctor Orientation 
Perpendicular 
to Edge 

Vacuum 

Chamber 

Pressure 

(Torr) 

Teat Article 
Temperature 
<°C) 

Chamber 
Cold wall 
Temp. 
(°C) 

Solar 

Angle 

Total Laser +** 
Field Angles 
Per Test 

1 

Isothermal/Ambient 

A, B* 

A, B 

Ambient 

Ambient 

Ambient 

N/A 

16** 

2 

Isothermal/ Vacuum 

A 

B 

1 * 10' 6 

Ambient 

Ambient 

N/A 

8 

3 

Thermal/ Vacuum 

A 

B 

1 x 10~ 6 

TBD 

-185 

1 sun 

8 






{-30 + 15°C ) 


- 45® 


4 

Thermal/ Vacuum 

A 

B 

1 x 10" 6 

TBD 

-185 

1 sun 

8 






(-30 + 1 5°c ) 


-20° 


5 

Thermal/ Vacuum 

A 

B 

1 X 10 -6 

TBD 

-185 

1 sun 

8 






(-30 + 15°c) 


Normal 


6 

Thermal/ Vacuum 

A 

B 

1 X 10" 6 

TBD 

-185 

1 sun 

8 






(-30 + 15° C ) 


+ 30° 


7 

Thermal/ Vacuum 

A 

B 

1 x 10* 6 

TBD 

-185 

1 sun 

8 


• 




(-30 + I5°C) 


+60° 


8 

Thermal/ Vacuum 

A 

B 

1 x 10~ 6 

TBD . 

-185 

Simulated 

8 






(-30 + 15°C ) 


Earth IR 


9 

Thermal/ Vacuum 

A 

B 

1 x 10" 6 

TBD 

-185 

No 

8 






(-30 + 15°C ) 


Sun 


Vibr 

atlon Test 


1 1 * - ■ « 



10 

Isothermal/ Vacuum 

A 

B 

1 x 10" 6 

Ambient 

Ambient 

N/A 

8 

11 

Lowest Optical 

A 

B 

l x 10' 6 

TBD 

-185 

TBD 

ft 


Return Thermal 




(-30 + 15°C ) 





Test 









A and B correspond to two reflectors and their orientation in the teat article. 
j>. ** Parallel to Edge: - 20°. -14°, 0; Perpendicular to Edge: -16°, -1*°, 0, +30°, +45°. 
I *** Laser Polarization: Linear, Orientation TBD. 
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Memorandum 


APPENDIX B 


Aaroapaef 
System* Division 


Dare April 30, 1974 Letter No. LAGEOS-18 
Fo Attendees 

From Brueger, Bendix LAGEOS Program Manager 


Ami* 


AiImm, MicIimijiii 


i Bendix LAGEOS Program Review, Minutes 



Reference: (a) Contract NAS 8-30658 

(b) First Program Review - Bendix LAGEOS Phase B Program 
LAGEOS - 17, on J7 and 18 April 1974 


1. The subject meeting was conducted at Bendix Aerospace Systems 
Division, Ann Arbor, Michigan on 17-18 April 1974. The attendees 
are listed on the attached Table 1. Copies of the vu-graphs in the 
Bendix presentation and the MSFC presentation were provided as hand- 
outs to all attendees. As required by the program contract (Reference 
a), the Bendix data is being submitted separately as reference (b). The 
MSFC handouts are included herein, as Attachment A. 

2. The Program Review agenda reflects the scope of subject matter 
covered in the presentations and technical discussions. The agenda 
is shown in Table 2. On the basis of the data presented and the dis- 
cussions related to the data, a number of agreements were reached - 
during the meeting. In addition, action items for MSFC, SAO and 
Bendix were identified during the discussions. 

3. The decisions made during the meeting discussion are summarized 
as follows: 


3. 1 LAGEOS Ret ror eflector Configuration 

Decision: The circular-faced tab-mounted (ALSEP-type) retro- 
reflector design was selected for the remaining thermal/optical 
and dynamic analyses and tests in the Bendix LAGEOS Phase B 
program. 


Discussion: After presentation of the Bendix and MSFC results 
of analysis and test efforts (see reference (b) and Appendix A), 
the question of retroreflector configuration was discussed for 
sometime. During the discussions, SAO representatives indi- 
cated that SAO satellite performance analysis had thus far only 
considered the circular configuration and that the hex -configura- 
tion mounted in circular cavities presented analytical modeling 
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complexities, especially for off-axis viewing. In addition, SAO 
representative, T. Hoffman, emphasized that the circular- faced 
configuration had the advantage of considerable analytical, test 
and flight experience in its favor, which must be a consideration 
m the selection decision. SAO representative, D. Arnold, 
indicated that retroreflector-to-retroreflector consistency, in 
the return beam performance of the retroreflectors, was 

desirable for return data interpretation. Also, he indicated that 

a minor reduction in the number of retroreflectors on the satellite 
such as may be realized by the effect of increased cavity diameter 
for the circular-faced configuration, and minor reduction in 
retroreflector face-area are acceptable. The SAO representatives 
recommended selection of the ALSEP-type configuration. 

A list of advantages and disadvantages for each of the two con- 
igurations, with regard to several major areas of consideration, 
was generated from the discussion inputs. This list is shown in 
Table 3. The conclusions reached from this comparison, as 
summarized by Mr. D. Bowden MSFC, was that neither con- 
figuration had significant advantages or disadvantages sufficient 
to eliminate one, or the other, from further consideration. 

At the start of the second day of the review, J. Brueger, Bendix 
presented the resets and recommendations of a Bendix evalua-’ 
ion o e wo configurations, made after adjournment of the first 
ay s session. Since neither configuration could be clearly elim- 
inated on the basis of analysis and test data developed to date the 
goal of the evaluation was to look for "shades of grey" which 
would provide the basis for a selection. Bendix recommended 
selection of the circular-faced (ALSEP-type) configuration on 
the basis of the evaluation results summarized in Table 4. 

Mr. D. Bowden, MSFC, stated that MSFC concurred with the 
recommendation. 

3. 2 LAGEOS Phase B Thermal/Optical and Vibration Tests 

Decision: Delete the early thermal /optical and vibration teats 
including the early test article, and inc rease the scope of the ’ 
ina thermal/optic ai tests to obtain thermal /optical performance 
for the six (6) LAGEOS retroreflectors to be fabricated for 
Phase B. 
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4. The 
4. 1 

4. 2 


4. 3 
4 - 4 


Discussion: The preceding decisiontfn 3. I ), which selected the 
circular-faced retroreflector for the LAGEOS design to be analy- 
zed and tested in the remainder of the program, reduces the 
value of conducting early vibration tests on the hex-faced retro- 
reflector. Also, the thermal/optical tests planned for the early 
test article, in which data was to be obtained for the ALSEP and 
the GEOS-C retroreflectore, would provide data that is no longer 
of interest. The effort planned for the fabrication of the early 
test article and the testing itself would be more effectively 
applied in the program by extending the final thermal /optical 
tests to obtain thermal /optical performance data for all six (6) 
available LAGEOS circular -faced retroreflectors. Based on 
no design optimization being required for the MSFC -designed 
mounting rings of the circular-faced retroreflector and earlier 
availability of the LAGEOS retroreflector, it is expected that 
the final thermal/optical tests could be started earlier than pre- 
sently planned and be completed within the present scheduled 

Action Items resulting from the review are as follows: 

Thermal Analysis: Include an evaluation of the effects of reces- 

sing the retroreflector (circular -faced on the Kel-F ring mount), 
in the remaining parametric thermal analysis. 

Action: Bendix 

Mounting Ring Design : Validate the design to ensure it integrates 
with the existing circular-faced retroreflector design/hardware. 
Update the design to include a retainer ring, above the upper 
Kel-F ring, for thermal control purposes. 


Action: MSFC 

Satellite Design: Update the satellite design to incorporate the 
circular-faced retroreflector and mount designs. 

Action: MSFC 

Dielectric Beam-Splitter Effects: Verify that a dielectric beam 
splitter in the optical test set-up has no unacceptable effect on 
the far-field diffraction pattern. 
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Action: MSFC 



4 . 


4. 6 


4. 7 


4. 8 


4.9 


4. 10 


4. 11 


4. 12 


4. 13 


~-P d y Pla ” apd Test Plan: Update, to reflect decisions on the 

selection of the circular-faced retroreflector and the deletion 
of the Early Tests, 

Action: Bendix 

St udy Plan and Test Plan: Provide inputs for the update of 
these plans. 

Action: MSFC 

Study Plan: Review the plan and determine if any changes 
should be made. 

Action: SAO 

Test Article Design: Revise the design to include thin walls 
between cavities. Provide the rationale for the selection of 
the Test Article design. 

Action: Bendix 

Test Article Design: Provide cavity wall dimensions from the 
results of the satellite design update for circular-faced retro- 
reflectors. 

Action: MSFC 

^Satellite Thermal Coatings : Evaluate thermal coatings of 
interest (Z-93, clear anodized aluminum, and bare aluminum) 
to determine long-term degraded characteristics for incor- 
poration in analysis and test. 

Action: MSFC 

Test Article Coatings: Provide a decision on the requirement 
for applying the actual candidate coating on the Test Article 
for the Thermal/Optical Tests. 

Action: MSFC 

Test Article Coatings: Provide the need date for the Test 
Article coating decision. 

Action: Bendix 

Selection of Circular -Faced Retro reflectors : Document the 
conclusions of the Review evaluation which are the basis for 
selection of the circular-faced retroreflector. 

Action: Bendix 
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14 n° 3t ' Vi ^ rat !° n , TeS * Mechanical Check; Consider a mechanical 
suited ***** the flnal Vlbratlon teat to ensure no damage has re- 


Action: Bendix 

4 ' 1 5 g irc »dar-Faced Retror eflector and Ring Mount Stn. ctn„1 

In tegrity : Provide rationale, from ALSEP analysis/test data, 
for confidence in the structural integrity of the circular-faced 
retroreflector and its ring mount in the LAGEOS application. 

Action: Bendix 

4 ’ 16 Ac oustic Environment: Provide rationale for not including 

exposure to the LAGEOS acoustic environment in the Vibration 
T e st. 


Action: Bendix 

5. In the presentation by Mr. James McBride, MSFC, the complete 
LAGEOS dynamic environment was defined, for test purposes. ! 
Accordingly, it was agreed that this environment, shown in the 
andout in Attachment A, would be incorporated in the Study Plan 
Guidelines and in the Test Plan by Bendix. 


iitGEOS Program Manager 
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Table I 

List of Attendees 


Bendix L. AGE OS Review 
17-18 April 1974 


Name 

Organization 

Donald R. Bowden 

MSFC 

Bill Johnson 

NASA 

Byron Crider 

NASA-MSFC 

Jim McBride 

NASA-MSFC 

Lewis L. McNair 

NASA-MSFC 

David Arnold 

SAO 

Lynn Lewis 

BxA 

Jim Zurasky 

NASA-MSFC 

John Harms 

BxA 

Jim Monroe 

BxA 

T. E. Hoffman 

SAO/Engrg. 

W. Lurie 

SAO - Geoastronomy 
Programs Mgr. 

Ron Creel 

NASA-MSFC 

E. Granholm 

BxA 

J. Maszatic s 

BxA 

Jim Me Naught on 

BxA 

John Brueger 

BxA 

Gary Ballard 

BxA 


Tec. No. 

453-2769 * 
453-2769 
453-2769 
453-1330 
453-3490 
617-495-74 81 
313-665-7766 X560 
205-453-4702 
313-665-7766 X 
313-665-7766 X 
617-495-7492 
617 -495 -7485 

205-453-3851 
313-665-7766X406 
313-665-7766x722 
313-665-7766 X553 
313-665-7766 X760 
313-665-7766 X255 
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LAG LOS PROGRAM RLVILW 
APRIL 17-18, 1974 

bendix aerospace systems division 

ANN ARBOR, MICHIGAN 
AGENDA 

INTRODUCTION 
.THERMAL ANALYSIS 
MSFC STATUS 

BENDIX RESULTS/RECOMMENDATIONS ' 

DYNAMIC ANALYSIS/TEST 
MSFC STATUS 

BENDIX RESULTS/RECOMMENDATIONS 
OPTICAL TESTS - MSFC STATUS 

SELECTION OF LAGEOS RETROREFLECTOR CONFIGURATION 
FACILITIES TOUR 

TEST PROGRAM STATUS 

TEST PROGRAM SUMMARY 

OVERALL THERMAL/OPTICAL TEST ARRANGEMENT 
TEST ARTICLES 

FAR -FIELD DIFFRACTION INSTRUMENT 
TEST FIXTURES & EQUIPMENT 

THERMAL/OPTICAL TEST FIXTURE 
OPTICAL WINDOW AND SHIELD ASSY 
FFDI PLATFORM ASSY 
VIBRATION TEST FIXTURE 
TEST EQUIPMENT AND EXPENDABLES 


J- BRUEGER, BXA 


R- CREEL, MSFC 
E. GRANHOLM, BXA 

J- Mcbride, msfc 

J- MASZATICS, BXA 

J- ZURASKY, MSFC 

MSFC/BXA 

J- MONROE, BXA 
J. BRUEGER, BXA 
MSFC 

J. BRUEGER, BXA 
J- MONROE, BXA 
J. BRUEGER, BXA 
L- LEWIS. BXA 
J- MONROE, BXA 



AGENDA (CONTINUED) 


TEST CONDITIONS 
PROGRAM SCHEDULES/STATUS 
STUDY PLAN REVIEW 


J. BRUEGER. BXA 
J. BRUEGER, BXA 
MSFC/BENDIX 
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Table 3 


Retroreflector Trade-Off Considerations 


Item 


Thermal 


Optic al 

Structural 

(Mount) 


Manufacturing 


Satellite 

Design 

Cost CCR 
MTG 
ASSY 


Advantage 


Hex CCR 

j Disadvantage 

Mount Thermal 
Contact Pressure 
Difficult to Control 


CIRC CCR 

Advantage ' ' ‘ "T Disadvantage 

Higher Confidence f 
in Mount Conductance 


No Advantage to Either Approach 


Additional Effort 
Required to Determine 
Optimum Design 


ALSEP Experience; 
Test Results More 

T"l II A 1 « 




Table 4 

Retroreflector Evaluation Conclusions 

Bendix Evaluation Con clusions : Select Circular (ALSEP-Type) Retro- 4 

reflector 

Thermal: 

Circular (ALSEP) is beat (by analysis results).Hex (GEOS -type) will 
approach the circular retroreflector thermal performance, if opti- 
mized; but no advantage is expected for this effort (i. e. , do not ex- 
pect to get better thermal performance from Hex). 

Optical : 

Circular (ALSEP) is easier to analyze at SAO. 

ALSEP optical analysts experience at Itek provides increased con- 
fidence in data 

Circular (ALSEP) has optical performance proven in the lunar 
application (Apollo 11, 14 and 15 flights) 

Test program is required to provide comparative optical data of 
Circular vs. Hex for LAGEOS. 

Structural: 


ALSEP experience in test and flight is applicable for confidence in 
structural integrity. 

Hex mount design requires additional design, analysis and test 

effort to optimize design (for thermal and structural requirements). 

Manufacturing: 

ALSEP experience: existing drawings and procedures, while not 
directly applicable, provide more confidence that unexpected 
problems are not likely to arise, even though there are unique 
LAGEOS requirements. 

ALSEP design: proven tolerances and alignment integrity. 

ALSEP installation in satellite is basically simpler; the optimized 

hex corner/clip assembly may require additional tooling for instal- 
lation in satellite. 
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Satellite Design: 


AL anfr,n nd * He3 7 re C ° mparable in the abilit y to control retroreflector 
apex location for center of mass control. 


Costs : 


ALSEP retroreflectors, 
comparable to Hex, 


mount hardware and assembly costs are 
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attachment a 


MSFC PRESENTATION HANDOUTS 

Bendix LAGEOS Phase B Program Review 
17-18 April 1974 



lUIOANUATIONi 


S&E-ASTN-PF 


MARSHALL SPACE FLIGHT CENTER 


LAGEOS THERMAL CONTROL 


nami. 


R. CREEL 


lOAtl, 


APRIL 17, 197^ 


INTRODUCTION 


• BASIC OBJECTIVES 


• USE RESULTS TO DEFINE TEST PROGRAM REQUIREMENTS 


• BENDIX ANALYZING TRANSIENT SATELLITE THERMAL RESPONSE 
AND AVERAGE CCR TEMPERATURES 


• MSFC ANALYZING STEADY-STATE TEMPERATURE GRADIENTS 
IN ONE DETAILED CCR 


• COMMON ASSUMPTIONS 


5900 KM ORBIT ALTITUDE, 90° INCLINATION 


• SPIN RATE = 0.0 RPM (WORST CASE) 


• SPIN AXIS ORIENTATION NOT FIXED 


W 

i 

OJ 


t+.t 


i 


>(GAN>2ATlQN: 


MARSHALL SPACE FLIGHT CENTER 


NAMI 


S&E-ASTN-PF 


LAGEOS THERMAL ANALYSES 


RESULTS 


R. CREEL 

DAIIt 

APRIL 17, 1974 


• GRADIENTS (DEG. C) - WITH NO RECESSION 
*30°C SATELLITE, NO IR HEATING 

• AXIAL (APEX TO FRONT FACE) 

• RADIAL (CENTER TO SIDE) 



0.90 

3.10 

0.50 


*CAV“ .05 
1.29 
0.15 


• MINIMIZE GRADIENTS BY 

• RECESSION OF CCR'S 

• LOWER SATELLITE TEMPERATURE 

• LOWER CAVITY EMITTANCE 

• INCREASE IR HEATING (CAN’T BE CONTROLLED) 



TEMPERATURE GRADIENT (AT) - DEGREES C 


JJ 

n 




S&E-ASTN-PF 


W 

i 



lageos thermal analyses 


N AMI, 

R. CREEL 

OAT I, 


APRIL 17. 1974 


SATELLITE SURFACE OPTICAL PROPERTIES 

• DESIRED PROPERTIES 

• STABILITY OVER LONG LIFETIME 

• LOW SOUR ABSORPTANCE, s 

• HIGH INFRARED EMI TTANCE, i , R 

• NO OUTGASSING OR DEGRADATION 


• CANDIDATES «* s /e jR 

• ANODIZED ALUMINUM .57 

• SANDBUSTED ALUMINUM 2.00 

• PORCEUIN ENAMEL .25 - 

• Z-93 PAINT .24 

• PREL I M INARY CONCLUS I ONS 


• STABLE ** s /£| R be LOW 1.0 IS QUESTIONABLE 

• ANODIZED IS MOST PROMISING 





ORGANISATION: 


s&e-astn-pf 


MARSHALL SPACE FLIGHT CENTER 
LAGEOS THERMAL ANALYSES 


nam|. 


R. CREEL 


RECOMMENDED TEST VARIABLES 


• RECESSION DEPTH 


CAVI7V EMITTANCE 


SATELLITE TEMPERATURE 


FUTURE EFFORTS 

• GENERATE DETAILED THERMAL TRANSIENT MODEL 

• PREDICTIONS FOR TEST CONDITIONS 

• SELECT RECESSION DEPTH 


• SELECT SURFACE COATINGS 


(otGAMlZAttOn 

— : rr: — 

ASTRONAUTICS 

$f-E-ASTN-AD 

LABORATORY 

MARSHALL SI’ACE FLIGHT CENTER 

dynamic Qualification criteria 

t«M|, ^ 

,_J. E 4 Me BRIDE 

DAlt, “ 


SINE VIBRATION TEST - 3 AXES 

-■ 



5 - 16 HZ AT 2.3 G PEAK 

16 - 22 HZ AT 6.8 G PEAK 

22 - 100 HZ AT 2.3 G PEAK 

SWEEP RATE: 2 OCTAVES/MINUTE 


SHOCK TEST (SINE SWEEP} - VAXES 


* 


200 - 2,000 G AT 5 G PEAK 

SWEEP RATE: 2 *OCTAV£S/MlNUTE 


RANDOM VIBRATION TEST 



- 

20 - 300 HZ AT +3 dB/OCTAVE 

300 - 2,000 HZ AT 0.05 G 2 /HZ 

TEST DURATION: 2 MINUTES/AXIS 




9- 8 Grms 

- 



- 


/ 

• 


Co 



-19 


OBGAN.J ATlON, 

MARSHALL SPACE FLIGHT CENTER 

HAM», 

ASTRONAUTICS’ LABORATORY 
StE-ASTN-AO 

EARLY DEVELOPMENT DYNAMIC TEST 

J. E. McBRIOE 


o*?*, 

— 

TEST SPECIMEN 



td 


SINGLE RETROREFLECTOR CUBE AND CLIP MOUNTED ON A FLAT PLATE (NO RECESS HOLE). 

PURPOSE 

-- TO DETERMINE THE NATURAL FREQUENCIES AND RESPONSE AMPLITUDES OF THE SPECIMEN. 

AND MOUNTI NG HOLE HERE ARE P0TENT,AL INTERFERENCE PROBLEMS BETWEEN the RETROREFLECTOR 

TEST 

- ^SPECIMEN WILL HE TESTEO TO THE LAGEOS OVNAHIC WUFICATKM CRITERIA. 

" IKTS “ ,U C ° mX ™ ”'™ MOUNTING .NO WITH SCREW AND WASHER MOUNTING. 


*VC . iMi (ftc ,*TJ> 




IN-HOUSE TASKS 


O RETURN BEAM AS A FUNCTION OF 

• I NCI DENT ANGLE 

• RECESS DEPTH 

• POLARIZATION 

° SUPPLEMENT SMITHSONIAN CALCULATIONS , 

• FAR-FIELD DIFFRACTION PATTERNS 

• PHOTO-ELECTRON RETURN AS A FUNCTION OF 

•ALTITUDE 

•ORIENTATION 

• BAKER-NUNN IMAGERY 




Jive - Poro jo & -gin, enow 







zz- 


w 


OROANl/AllON, 

MARSHALL SPACE FLIGHT CENTER 

NAM*, 1 -I 

S&E-ASTR-RPO 

LAGEOS 

J. ZURASKY 

OAf Vi ' 



APRIL 17, 1974 


FAR FIELD DIFFRACTION TEST APPARATUS 


BEAM 



L 
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Bendix 4 Aorospaco 

SystomsDiv; 


Oaie 15 July 1974 Letter No. L AG EOS - 38 Ann Arbor, Michi?. 

To J* Brueger 
From E. Gr anholm 


Subject LAGEOS, Thermal Analysis of Recessed Retroreflector 

Reference: LAGEOS-24, "LAGEOS Thermal Optical Test, Retroreflector 
and Mount Thermal Performance, " dated 30 May 1974. 

The objective of this analysis is to determine the amount of retroreflector 
thermal performance improvement which can be achieved by recessing the 
corner within its cavity. The retroreflector/cavity mathematical model 
(Reference) used to predict thermal performance for the 1. 0 mm corner 
face recession was modified to analyze a recession depth of 1. 0 cm. The 
retroreflector and associated mount were evaluated for various solar and 
IR heating conditions. Thermal finishes /coatings of bare, machined 
aluminum and Z-93 were also considered. 

A direct thermal performance comparison between the 1. 0 mm and 1. 0 cm 
recessed retroreflectors is presented in Table 1. The maximum radial 
and axial corner temperature gradients are 0.9 and 1.4°C, respectively 
for the bare aluminum finish, sun/no IR environment and the 1. 0 cm 
recession depth case. The gradients are reduced approximately 25% from 
their corresponding previous levels of 1.3 and 1.9 < ’C, respectively for 
1. 0 mm recession. The other cases shown in Table 1 also indicate a 
reduction in axial and radial gradients attributed to the 1. 0 cm recession. 

However, previous studies conducted by MSFC showed that for a 1. 0 cm 
recession (L/D ^ 25%) the strength of the LAGEOS satellite optical re- 
turn could be reduced by 30%. Therefore, the extent of optical perfor- 
mance improvement due to reduction of retroreflector temperature 
gradients must be traded-off against optical performance degradation due 
to obscuration. 


D. Fithian 

K. Hsi 

S. Krajewski 

L. Lewis 


J. Maszatics 
J. Monroe 
J. Me Naught on 
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THERMAL PERFORMANCE 


Environmental 

Condition 

Recess 

Depth 

Cavity 

Temp 

Retro 

Face 

Temp 

No Sun, No IR 
(Bare AL) 

1* 0 cm 

+30*C 

mm 

1. 0 mm 

+30°C 

-20. 9°C 

Sun, No IR 
(Bare AL) 

1* 0 cm 

+30°C 

18. 3 6 C 

1. 0 mm 

+30°C 

2. 8°C 

No Sun, IR 
(Bare AL) 

1. 0 cm 

+30°C 

2. 1 “C 

1* 0 mm 

+30'C 

-12. 1 °C 

No Sun, No IR 
(Z-93) 

1. 0 cm 

-30°C 

-60. 6°C 

1. 0 mm 

-30°C 

-69. 0°C 

Sun, No IR 
(Z-93) 

1. 0 cm 

-30 8 C 

-37. 9°C 

1. 0 mm 

-30°C 

-46. 9°C 


No Sun, IR 
(Z-93) 


1. 0 cm 
1.0 mm 


30° C 
30°C 


-45. 7 °C 
-53. 7°C 


1 


OR RECESSED RETROREFLECTORS 


Lower 

Ring 

Temp 


Upper 

Ring 

Temp 


Retainer 

Ring 

Temp 


AT axial 


AT radial 


29. 8*C 


29- 8®C 


30. 1°C 


30. 1°C 


29. 9 a C 


29.8°C 


-30. 2°C 


-30. 2°C 


-30. 0°C 


-30. 0°C 


-30. 1°C 


-30. 1°C 


14. 7 °C 


12. 4°C 


52. 5°C 


51 . 1 °C 


17. 7 °C 


14. 9°C 


-54. 4°C 


-48. 4 8 C 


-33. 7®C 


-26. 4°C 


-47. 5°C 


-42. 3°C 


14. 6°C 


12. 4°C 


52. 7 °C 


51. 3°C 


17. 7 8 C 


14. 9°C 


-54. 5°C 


-48. 9°C 


-33. 7 °C 


-26. 3°C 


-47. 6°C 


-43. 3°C 


1 . 2 °C 


1. 6°C 


1. 4°C 


1. 9°C 


0. 9°C 


1. 4°C 


0. 5 °C 


0. 7°C 


0. 7°C 


1. 0°C 


0. 8 °C 


1. 1°C 


0. 9°C 


1. 3°C 


0 . 6°c 


0. 9°C 


0. 3°C 


0. 5°C 


0. 0 3 C 


0.4 °C 


0. 2 °C 


0 . 1 


0. 4 P C 


0. 3*-C 
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Memorandum 


APPENDIX D 


Aerospace 
Systems Division . 


Dote 28 May 1974 
T o Distribution 


Letter No. 74-520-215 
LAGEOS-23 


Ann Arbor, Michigan 


From E. Granholm 


Subject LAGEOS Thermal/ Optical Analysis, Maximum Retroreflector 
Temperature Gradients 
jay. 


Reference; LAG-3 (Rev A), ’’LAGEOS Thermal/Optical Analysis Statement of 
Work”, dated 26 April 1974. 


A thermal analysis was performed to determine the LAGEOS retroreflector 
maximum axial and radial temperature gradients. The enclosed information 
rs to be used by Itek for the generation of optical performance data as specified 
by Paragraph 2. 3 of the referenced document. 


Boundary conditions assumed in the analysis reflect the 4 x 8 foot chamber 
thermal environment which is defined by Table 1 below. The levels presented 
will promote maximum temperature gradients in the retroflector . 


Table 1 

Retroreflector Thermal Analysis Environmental Conditions 


Condition 


Level 


Pressure 

Cryowall 

Retroreflector Cavity Temperature 
Retroreflector/Cryowall View Factor 
Solar and XR Input 


1 x 10‘ 6 torr 
-185 °C 
30°C 
1.00 

-Full solar, no IR 


For a 30 °C cavity temperature the retroreflector face and apex temperature 
levels are 2.8and 4. 7°C respectively. The corresponding axial tempera- 
ture gradient of 1. 9°C is shown in Figure 1. 

Radial temperature gradients through the retroreflector at various levels 
are given in Figure 2. The corner tab and face center temperatures are 
4. 1 and 2.8*C, respectively (1.3 °C gradient). Radial temperature gradients 
are maximum at the corner face and progressively decrease at each receding 
level. 
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Optical performance results calculated by using Figure 1 and 2 temperature 
gradients will be compared with FFDI measurements obtained during thermal 
vacuum testing. Correlation of data will give a level of confidence that orbital 
optical performance for LAGEOS can be accurately predicted. 


E. Granholm 

Distribution: 

J. Brueger 
D. Fithian 
L. Lewis 
J. Me Naught on 
J. Maszatics 
J. Monroe 
J. Riley 
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Memorandum 


APPENDIX E 


i 


u Ml 


Aerospneo 
Systems Division 



30 May 1974 L,fllrir No. LAGEOS-24 

To J. Brueger 

From E. Granholm 

Subject LA GEOS Thermal/Optical Test, Retroreflector and Mount Thermal 
Performance 

— 1 — — — — — — — — ■ ■ n 

Reference: MSFC Drawing Number 50M23161, "Corner Cube Mount Assembly", 
Rev. A, dated 24 April 1974 


Intr oduc ti on : 

A detailed thermal analysis was performed on the reference retroreflector 
and mount designs supplied by MSFC. The 4x8 foot T/V chamber and 
Genarco carbon arc lamp constituted the simulated space environment 
imposed on the mount assembly. The satellite conductive and radiative 
heat transfer interface was simulated by a 6061 -T 6 aluminum mounting 
cavity which was temperature controlled. 

The retroreflector and associated mount were thermally analyzed for 
various solar and IR heating conditions. The objective of the analysis 
is to determine the thermal environment which causes maximum 
retroreflector temperature perturbation and to define the corresponding 
corner axial and radial temperature gradients. The resulting thermal 
data will be used in optical analyses to be conducted which will predict 
the lower -limit retroreflector performance. 

Summary: 

Results of the retroreflector mount assembly thermal analysis for the 
T/V test conditions indicate that the full sun, no IR environment ' 
coupled with the +30 G cavity temperature promote upper -bound tem- 
perature gradients in the corner. The 30° C cavity temperature was 
estimated based on an exterior satellite surface of bare machined 
aluminum. For the above conditions the retroreflector face and apex 
temperatures are 2.8 and 4.7°C, respectively (a 1.9°C axial tem- 1 

perature gradient). Since the corner tab temperature is 4. I°C, the 
maximum radial gradient is 1.3 P C. 
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Analysis: 

The following assumptions were made for purposes of thermal analysis 

!• The configuration of the retror eflector mount assembly was as 
described by the referenced MSFC drawing. Details of the mount 
are shown in Figure 1. 

2. A +30° C cavity temperature corresponded to a satellite exterior 
surface of bare, machined aluminum ( a/e = .37/. 05). 

3. A -30° C cavity temperature corresponded to a satellite exterior 
surface of IIT's Z-93 thermal control coating (a/e = .2/. 9). 

4. The cavity IR emittance was assumed to be 0.05. 

5. A 0. 08 mm gap existed between the retroreflector tab and the 
upper Kel "F" ring. The retroreflector rested on the lower 
ring. 

6. The chamber pressure and cryowa 11 temperature were lx 10-6 
torr and -185°C, respectively. 

7 . The retroreflector face /cry owall wall view factor was 100%. 

8. The incident solar constant was 1397 watts/m 2 . 

9. The incident maximum IR heat load was 66. 5 watts /m 2 . 

In general, thermal/mechanical properties of the mounting rings, re- 
tainer ring and retroreflector were selected to yield upper -bound 
temperature gradients in the corner. A steady- state thermal model 
was used to generate retroreflector and mount assembly temperature 
levels. 


£-2 



30 May 1974 
Page 3 


Re suits: 

Results showing thermal performance of the corner cube mount 
assembly for six thermal/vacuum test condition^ are presented in 
Table 1. The environmental condition of full sun with no IR coupled 
with a 30 C cavity temperature (Case 1) promotes maximum axial 
and radial temperature gradients of 1*9 fitnd / 1.3°C l , respectively* 
For the same environment but at a lower cavity temperature of 
-30® C (Case 2) the corresponding gradients are reduced to 1.0° C 
and 0.4* C, respectively. 

I ' { 

For the no sun, no IR conditions (Cases 3 and 4) axial temperature 
gradients are slightly reduced when compared to the corresponding 
solar Cases 1 and 2* Corner radial temperature gradients remain 
approximately unchanged for the solar and non solar conditions. 
Cases 5 and 6 show that the lowest corner temperature gradients 
result when the corner cube assembly is exposed to one equivalent 
earth IR input with no solar heat load. 

Conclusions: 


Thermal performance for the corner cube mount assembly as shown 
Table 1 indicates that as cavity temperature decreases r etroreflector 
temperature gradients also decrease. Thermal coatings having low 
solar absorptance and high IR emittance values should therefore be 
applied to the satellite exterior surface to minimize r etroreflector 
temperature gradients. 

Case 1 thermal conditions induce maximum axial and radial temperature 
gradients in the retroreflector. An optical analysis incorporating Case 1 
temperature gradients will predict the retroreflector lower-limit per- 
formance level. 

E. Granholm 

cc: D. Fithian J. McNaughton 

L. Lewis J. Monroe 

J. Maszatics 
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Table 1 



1 . All T/V testing is to be conducted in 4 x 8 ft chamber. 

2. Cavity Temperatures : 

a. +30°C corresponds to bare, machined aluminum retainer 

surface (estimated). r ring and sate Hite exterior 

b - , » *»«■» — - - 


M 

i 

Ul 



Internal 

Memorandum 


APPENDIX F 


li TLA Aerospace 
gfl Systems Division 


Date 

10 June 1974 

Letter No. LAG EOS -29 

To 

J. Brueger 


Prom 

E. Granholm 

. 


Ann Arbor, Michigan 


> 


Subject LAGEOS, Transmission of Retroreflector Temperature 
Gradient Data to Itek 


Reference: LAGEOS-27, "Optical Analysis Plan Summary", dated 3 June 1974 


This memorandum presents the entire set of retroreflector temperature 
gradient data specified by the referenced document. The information is 
to be used by Itek for the analytical generation of retroreflector optical 
performance levels. 

The enclosed retroreflector temperature gradient plots (Figures 1-8) 
are consistent with the cases called out by the analysis plan. The 
case number,- description, differential temperature data, and the 
applicable Figure are tabulated below: 


Case 

Description 

AT 

Axial, C 

at . 

Radial, C 

Applicable 

Figure(s) 

2. 3. a. 1 

Z93 coating on retrainer ring, 
-30° cavity, full sun, no IR 

1. 0 

0. 4 

Fig. 1 & 2 

2. 3. a. 2 

Estimated maximum retroreflector 
temp, gradients 

3. 5 

2. 0 

Fig. 3 & 4 

2. 5. a 

Unit axial temperature gradient 

2. 0 

0 

Figure 5 

2. 5. b 

Unit radial temperature gradient 

0 ! 

2. 0 

Figure 6 

2. 3. b 1 
2.4. b. 2 / 

Bare machined aluminum retainer 
ring, +30°C cavity, full sun, no IR 

1. 9 

1.3 

Fig. 7 & 8 


The above data was transmitted to Itek on the following dates: 
Figure(s) Date Transmitted 


1 - 4 
5-6 
7-8 


3 June 1974 (Air Mail) 
7 June 1974 (Telefax) 
28 May 1974 (Air Mail) 
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As o£ 7 June 1974 M. Kahan (Itek) had confirmed the receipt of the entire 
set of retroreflector temperature gradient data. The arrival dates at 
Itek complied with the LAGEOS Program schedule. 

E. Granhoim 
EG:b 

cc: D. Fithian 
S. Krajewski 
L. Lewis 
J. Maszatics 
J. Monroe 
J. McNaughton 
J. Riley 

Attachments 
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Memorandum 



Aerospace 
Systems Division 


Date 10 June 1974 Letter No. LAGEOS-30 Aon Arbor, Michigan 

ToJ. Brueger 

/ / 

FromE. Granholm 


Subject LAGEOS Thermal /Optical Test, Summary of Thermal 
Analysis Results 


Reference: LAGEOS-24, "LAG EOS Thermal /Optical Test, Retroreflector and Mount 
Thermal Performance”, dated 30 May 1974, 

This memorandum presents a complete set of retroreflector and mount 
temperature predictions for the subject test. The results are shown in 
Table 1 which lists case number, condition, various temperatures, and 
retroreflector axial and radial temperature differences. 

Cases 1 through 6 were previously documented in the referenced 
memorandum. The +30°C cavity temperature corresponds to a bare 
machined aluminum retainer ring and satellite exterior surface. The 
-30°C cavity temperature reflects application of IIT‘s Z-93 thermal coating 
on the retainer ring and satellite exterior surfaces. 

Cases 7 through 12 were run to determine retroreflector and mount temper- 
ature levels which are pecular to the T/V test conditions. As stated above, 
bare machined aluminum and Z-93 induce high and low satellite cavity 
temperatures. Therefore from an orbital performance standpoint, the 
thermal results of cases 7 through 12 are not significant and are for general 
information purposes. 

Case 13 was run to assure that the one sun, no IR radiation environment 
promotes maximum retroreflector temperature gradients. When a comperison 
to case 1 is made, both gradients for case 13 are lower. Therefore, the full 
sun* no IR environment represents the worst case thermal environment. 


E. Granholm 


EG:B 


D. Fithian 

J. Maszatics 

S. Krajewski 

J. Monroe 

L.. Lewis 

J. McNaughton 
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‘ TABLE 1 



NOTES: 


1. MSFC mounting rings are hard mounted to cavity shoulder. 

2. Retr ore/lector tab/ring mount gap a 0. 003 inches. 
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Date 27 June 1974 Letter No. LAGEOS- 33 

T o J. Brueger 

From E. Granholm 



Aerospace 
Systems Division 


Ann Arbor. Michigan 


Subject LAGEOS Thermal/Optical Test, Test Item Temperature 
Stabilization and FFDI Viewing Time Criteria 

Reference: Memo LAGEOS -30, "LAGEOS Thermal Optical Test, Summary of 

Thermal Analysis Results", dated 10 June 1974 


Introduction 


A detailed thermal analysis was conducted to determine temperature 
stabilization and maximum allowable far field diffraction instrument 
(FFDI) evaluation time criteria for the LAGEOS test item. Most of 
the thermal/optical test time will be consumed by lengthiy temperature 
stabilization periods which must be defined before an accurate test time 
line can be generated. Results of the analysis will be used to 
schedule manpower for test coverage, to procure consumable test 
materials, and for planning purposes. 


The results of the subject thermal analysis indicate the following: 

1. The test item temperature stabilization period after changing the 
chamber environmental conditions will be four (4) hours. 

2. The maximum allowable time for FFDI optical evaluation of the 
test item will be four (4) minutes. 

3. The time necessary for test item temperature re- stabilization after 
FFDI evaluation will be one (1) hour. 

Analysis 

The thermal math model used to generate steady-state temperature 
levels presented in the referenced memorandum was converted to predict 
the test item temperature response in the thermal/vacuum chamber. The 
thermal analysis assumptions pertaining to all cases were as follows: 

1) The retroreflector and mount configuration was that described in 
MSFC DWG #50M23l6l, "Corner Cube Mount Assembly", Rev. A, 
dated 24 April 1974. 


\ , 
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2) The cavity and retainer ring IR emittances were 0. 05. 

3) The retainer ring solar absorptance was 0. 37. 

4) A 0. 08 mm gap was present between the retroreflector tab and 
the Kel ’'F 11 mounting rings. 

5) The chamber temperature and pressure were -185°C and 5 x 10' 6 
torr, respectively. 

6) The test item/chamber cryowall view factor was 100%. 

Results 

To determine the maximum time necessary for temperature stabilization 
after changing chamber environment conditions, the test item was 
assumed to be initially at 25®C. The retroreflector cavity structure 
was then lowered to -30°C in 30 minutes and the test item viewed 
a cryowall temperature of -185°C. Table 1 presents the resulting 
retroreflector temperature responses and gradients for the chamber 
cool-down period. At approximately 200 minutes after the initiation of 
cool-down, the retroreflector radial and axial temperature gradients 
have stabilized to th<» nearest 0. 1°C of their final levels of 0. 50 and 

0. 66°C, respectively. At 240 minutes, the rate of temperature change 
for the retroreflector is within the standard temperature stabilization 
criterionof 2°C/ hr used in thermal/ vacuum testing. 

Table 2 shows retroreflector temperature responses and gradients for 
the interval when the test item is being optically evaluated by the FFDI. 
The test item is assumed to be stabilized with one sun norinal to Ithe 
retroreflector face and with a cavity temperature of 30°C. At the end 
of 4.0 minutes of FFDI viewing,the original retroreflector radial and 
axial temperature gradients of 1. 28 and 1. 89°C have degraded to 

1. 09°C (15%) and 1. 96°C (4%), respectively. At 8. 0 minutes the 
original axial and radial gradients have degraded to 0. 95°C (26%) 
and 2. 07°C (10%) which is felt to be unacceptable. 

Test item temperature levels after 4. 0 minutes of FFDI viewing were 
selected as the initial temperatures for the re- stabilization period. At 
the beginning of re- stabilization, the test item was illuminated with 
one normal sun and the cavity temperature was maintained at 30°C. 

Table 3 contains the associated retroreflector temperature response. 

At 20 minutes from the initiation of re- stabilization, the retroreflector 
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radial and axial temperature gradients are within 0. 02°C of their 
original gradients. At 60 minutes, the retro reflector temperatures 
are approximately 0. 5°C from their steady-state levels. 

Conclusions 

The LAGEOS thermal /optical test temperature stabilization and FFDI 
viewing times are contained in the summary section of this memorandum. 
The durations specified will yield ac6ur Ate thermal/optical performance 
data while maintaining the total test time at a minimum. 


E. Granholm 
EG:b 

cc: D. Fithian 

K. Hsi 

S. Krajewski 

L. Lewis 

J. Maszatics 
J. Monroe 
J. Me Naught on 
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TABLE 1 


LAG EOS THERMAL/ OPTICAL, TEST 
RETROREFLECTOR TEMPERATURE RESPONSE 

CHAMBER COOL DOWN 


Time 

T r 
1 Tab 

^Face 

nr» 

Apex 

Radial 

(Min) 

(°C) 

(°C) 

_(°C) 

(°C) 

0 

25. 00 

25. 00 

25. 00 

0 

15 

6. 12 

6. 25 

8.fe6 } 

0. 13 

30 

- 9.37 

- 9.07 

- 7. 15 

0. 30 

45 

-22. 17 

-22. 00 

-20. 37 

0. 17 

60 

-31.72 

-31. 70 

-30. 32 ' 

' 0. 02 

75 

-38. 91 

-39. 01 

-37. 80 

0. 10 

90 

-44.38 

-44. 58 

-43.49 

0.20 

105 

-48.61 

-48. 88 

-47.89 

0.27 

120 

-51. 91 

-52. 23 

-51.31 

0. 32 

135 

-54. 51 

-54. 86 

-53.99 

0. 35 

150 

-56. 56 

-56. 95 

-56. 12 

0. 39 

165 

-58. 19 

-58.61 

-57. 81 

0.42 

180 

-59. 50 

-59.93 

-59. 17 

0. 43 

195 

-60. 56 

-61.00 

-60.26 

0.44 

210 

-61.40 

-61. 86 

-61. 13 

0.46 

225 

-62. 08 

-62. 55 

-61. 83 

0. 47 

240 

-62.62 

-63. 10 

-62. 39 

0.48 

255 

-63. 07 

-63. 55 

-62. 85 

0.48 

270 

-63.42 

-63.91 

-63.22 

0.49 

285 

-63.71 

-64. 21 

-63. 52 

0. 50 

300 

-63.95 

-64. 44 

-63.76 

0.49 

<ao 

-64. 9 

-65.4 

-64. 8 

0. 50 


Axial 

(°C) 

0 

2.41 
1. 92 
1.63 
1. 38 
1.21 
1.09 
0.99 
0. 92 
0.87 
0. 83 
0. 80 
0. 76 
0. 74 
0.73 
0. 72 
0.71 
0.70 
0.69 
0. 69 
0.68 
0.66 
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TABLE 2 


LAG EOS THERMAL/ OPTICAL TEST 
RETROREFLECTOR TEMPERATURE RESPONSE 
FFDI OPTICAL EVALUATION OF TEST ITEM 


Time 

(Min 

T T ab 

(°C) 

^Face 

<°C) 

0 

4. 11 

2. 83 

1 

3. 83 

2. 58 

2 

3. 50 

2. 31 

3 

3. 15 

2. 01 

4 

ro 

* 

00 

1.69 

5 

2. 40 

1.36 

6 

2. 01 

1. 00 

7 

1. 62 

0.64 

8 

1. 22 

0.27 

9 

0. 82 

-0. 10 

10 

0. 43 

-0,48 

11 

0. 03 

-0. 86 

12 

-0. 37 

-1.24 

13 

-0. 76 

-1.62 

14 

-1. 15 

-2. 00 

15 

- 1. 53 

-2.38 

16 

-1. 92 

-2.76 

17 

-2.29 

-3. 13 

18 

-2. 67 

-3. 50 

19 

-3. 03 

-3. 86 

20 

-3. 39 

-4.22 


~Apex , 

(°C) ' 

^“• T Radial , 
(°C) 

^■ T Axi 

(°C) 

4.72 

1.28 

1. 89 

4.48 

1.25 

1. 90 

4.23 

1. 19 

1. 92 

3. 97 

1. 14 

1. 96 

3.68 

1. 09 

1.99 

3.37 

1.04 

2. 01 

3. 04 

1.01 

2. 04 

2.69 - 

0.98 

2.05 

2.34 

0.95 

2. 07 

1.98 

0. 92 

2. 08 

1.61 

0. 91 

2. 09 

1.23 

0. 89 

2. 09 

in 

oo 

. 

o 

0. 87 

2. 09 

0. 47 

0. 86 

2.09 

0. 09 

0.85 

2.09 

-0.29 

0.85 

2.09 

-0.67 

0. 84 

2. 09 

-1.04 

0. 84 

2. 09 

-1.41 

0. 83 

2.09 

-1. 78 

0. 83 

2.08 

-2. 15 

0. 83 

2.07 
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TABLE 3 


LAGEOS THERMAL /OPTICAL TEST 
RETROREFLECTOR TEMPERATURE RESPONSE 
TEMPERATURE RE-STABILIZATION AFTER FFDI VIEWING 


Time 

(Min) 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

oo 


T Tab 

^Face 

^ApeX 

^ T Radial 

if gj. 

(°C) 

(°C) 

(°C) 

2. 78 

1. 69 

3.68 

1. 09 

2. 49 

1.26 

3. 18 

1. 23 

2. 70 

1. 41 

3.28 

1.29' 

2.99 

1.68 

3. 54 , 

1. 31 

3.25 

1. 94 

3. 81 

1. 31 

3.46 

2. 16 

4. 03 

1.30 

3. 63 

2. 33 

4.21 

1. 30 

3. 76 

2. 46 

4. 34 

1. 30 

3. 86 

2. 56 

4.45 

1. 30 

3. 94 

2. 64 

4. 53 

1. 30 

3.99 

2. 70 

4.59 

1. 29 

4. 04 

2. 74 

4. 63 

1. 30 

4. 07 

2. 78 

4.67 

1.29 

4. 11 

2. 83 

4. 72 

I. 28 


( 


^^Axial 

(°C) 

1.99 
1. 92 
1. 87 
1. 86 

1.87 
1. 87 

1.88 
1.88 
1. 89 
1. 89 
1. 89 
1. 89 
1.89 
1. 89 
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Memorandum 


APPENDIX j 


Aerospace 
Systems Division 


Date 28 June 1974 Letter No. LAG EOS -34 

To J. Brueger 

From E. Granholm 

Subject Thermal Analysis of LAG EOS Satellite 


Ann Arbor. (Clichigan 


Introduction 


The LAG EOS Satellite has been thermally modeled in detail and the 
resulting temperature predictions are presented. The thermal design 
objective is to minimize the individual retroreflector radial and axial 
temperature gradients which will optimize the satellite optical 
performance. Toward this objective the retroreflector s are 
conductively and radiatively isolated from their mounting cavities. 

The satellite and retainer ring exterior surfaces were assumed to 
be bare, machined aluminum { ^s/^ir = 0. 37/0. 05) to promote upper - 
bound retroreflector temperature gradients. Ideally, reflective 
thermal control coatings possessing low solar absorptances and high 
IR emittances should be applied to the satellite exterior surfaces. 

Summary 

Based on a 60 cm diameter, bare machined aluminum satellite 
containing 426 r etroreflector s, the core stabilization temperature 
is approximately 50°C. For a non- spinning satellite in an entirely sun 
lit orbit the maximum temperature gradient across the aluminum 
structure is 10°C. The retroreflector temperatures range from 
-12°C to 20 C depending upon location on the satellite with respect 
to the sun. The average retroreflector radial and axial temperature 
gradients are 1. 3 and 2. 1°C, respectively. 

Analysis 

\ 

The orbit environment imposed on LAGEOS was intented to promote 
maximum satellite temperatures which induce upper-bound retro- 
reflector temperature gradients. Orbital characteristics and parameters 
(contained in the MSFC documents TMX-64627 and S&E-ASTN- PF-72-67) 
used in the analysis are listed below: 

Orbit type: Fully sunlit (hot) 

Orbit altitude: 5900 km 
Orbit eccentricity: 0.01 
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Satellite attitude: No preferred orientation 
Satellite spin rate: No spin 
Solar constant: 1415. 5 w/m 2 
Albedo reflectance: 30% 

Earth IR emission: 237 w/m 2 

The following assumptions were made for the purpose of thermal analysis: 

1. 0 The configuration of the r etroreflector mount assembly was a 

described by MSFC Dwg. #50M23l6l, "Corner Cube Mount 
Assembly", Rev. A, dated 24 April 1974. Details of the 
mount are shown in Figure 1. 

2. 0 The satellite exterior surface was bare, machined aluminum 

(l*s/€ir = 0. 37/0.05). 

3. 0 The satellite had a diameter of 60 cm and contained 426 circular 

faced retroreflectors. 

4. 0 The satellite terminator was coincident with the mounting interface 

between the sphere halves. 

5.0 Thermal/physical properties of the retroreflector are identical 
to those previously presented in the first program review. 

6. 0 The retroreflector face was assumed to be recessed 1. 0 mm below 
the retainer ring exterior surface. 

The satellite model consisted of 158 nodes and 498 conduction and radiation 
resistors. Four retroreflectors at various locations on the satellite 
were analyzed in detail. The locations selected were 1) normal to the 
sun, 2) at 45° off-sun 3) on the satellite shadowed side, and 4) on the 
satellite terminator. 

Results 


For the previously stated orbital conditions and thermal/math model 
assumptions the satellite stabilization temperature is 50° C. For a non 
spinning satellite the hot side and cold side temperatures are 55°C and 
45°C respectively. The total satellite core temperature fluctuation 
during the orbit duration is within 0. 1°C. 
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Table 1 presents radial and axial temperature gradients at various 
orbital times for the four retroreflectors analyzed in detail. The 
maximum retroreflector axial and radial temperature gradients are 
2.4 and 1.6 C, respectively for the retroreflector normal to the sun 
(retror eflector #1). The average axial and radial temperature 
gradients for the retroreflectors analyzed arie 2. 1 and 1. 3°C, 
respectively. The average retroreflector temperature is 3°C. 


Conclusions 


Itek was previously supplied retroreflector temperature gradients in 
memo LAG EOS- 23 on 28 May 1974 to permit analytical determination 
of optical performance. The retroreflectorigradieits corresponded to 
a bare machined aluminum satellite in a fully sunlit orbit. A 
comparison of the previously transmitted data and the results of the 
satellite thermal analysis are presented belowj 


Item 

Corner Temperature 
& T radial 
&T axial 


Itek Analysis Inputs 
(27 May 1974)? 

2. 8°C 


1. 3°C 
1. 9°C 


Satellite Thermal Analysis 
(24 June 1974) 

3. 0°C 

1. 3°C 

2. 1°C 


As seen by the above, there is a good correlation between the Itek 
optical analysis inputs and the satellite orbital thermal analysis levels. 
Therefore, there is a high degree of confidence that optical performance 
based upon previously supplied thermal analysis inputs will be 
representative of the actual LAGEOS satellite optical performance. 

E. Granholm 
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cc: D. Fithian 

K. Hsi 

S. Krajewski 

L. Lewis 

J. Maszatics 
J. Monroe 
J. McNaughton 
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TABLE 1 


LAGEOS SATELLITE THERMAL ANALYSIS 
RETROREFLECTOR THERMAL PERFORMANCE 



NOTE: 


I. 


a F ; e r 5 the average radiai - 


2. The average retroreflector temperature over the orbit duration i s 3°C. 

3, Retro #1 : Normal to sun 
Retro #2 : 45° off- sun 
Retro #3 : Shadowed side off 

Satellite, 180° off- sun 
Retro #4 .-Satellite Terminator, 90° off-sun 
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APPENDIX K 


Date 10 September 1974 Letter No. LAGEOS-41 
To J. Brueger (w/ enclosure) 



Aerospace 
Systems Oivifkm 


Ann Arbor. Michigan 


From E. Granholm 

Subject Final Thermal Design/ Analysis of LAGEOS Satellite 



Enclosure: LAGEOS, Final Satellite Thermal/Mathematical Model and Thermal 
Model Results 

Introduction 


The LAGEOS Satellite has been thermally modeled and the associated 
network and temperature predictions are contained in the Enclosure. 
Pages 1-17 specify thermal capacitance, conduction and radiation 
resistance, and orbital heating information. Detailed satellite/ 
retroreflector temperature responses are given on pages 18-34. 

The satellite thermal design objective is to minimize individual 
retroref lector radial and axial temperature gradients which will 
optimize optical performance. Toward this objective the retroref lectors 
are conductively and radiatively isolated from their mounting cavities. 

The satellite interior /exterior and retainer ring surfaces were assumed 
to be bard, machined 6061 -T6 aluminum having thermal optical properties 
of *8/ 6 lr = 0. 15/0. 05 which were correlated with test data. 

Summary and Recommendations 

Based on a 60 cm diameter, bare machined aluminum satellite containing 
426 retroref lectors, the core stabilization temperature is approximatelv 
55 C . For a non- spinning satellite in an entirely 
sun lit orbit the maximum temperature gradient across the aluminum 
structure is 8 C. The retroreflector temperatures range from -8°C to 
16 C depending upon location on the satellite with respect to the sun. 

The average retroreflector radial and axial temperature gradients are 
1.4 and 2. 3 C, respectively. 

It was originally felt that LAGEOS optical performance would be sensitive 
to thermal control coatings applied to the satellite and retroreflector 
retainer ring exterior surfaces. However, after thermal/optical testing 
the retroreflectors performed satisfactorily for cavity temperatures 
ranging from -30 to +60°C. 
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Therefore, the following LAGEOS thermal design recommendations 
are made: 

1. The retroreflector mounting cavity should possess a low 
(less than infrared emittance. 

2. The retroreflector mounting rings should have a low thermal 
conductivity and should provide minimal or no contact with the 

• retroreflector mounting tabs. 

3. Thermal coatings /finishes which are applied to the satellite 
exterior should be of low solqr absorptance (high visible 
reflectance) to permit tracking by ground stations. 

4. No particular level of satellite external surface IR emittance is 
recommended since it appears to have little effect on retro- 
reflector optical performance. 

i 

Analysis 

The orbit environment imposed on LAGEOS was intented to promote 
maximum satellite temperatures which induce upper -bound retro - 
reflector temperature gradients. Orbital characteristics and para- 
meters (contained in the MSFC documents TMX-64627 and S&E-ASTN- 
PF-72-67) used in the' analysis are listed in Table 1. In addition the 
following orbital heating constaints were used in the thermal analysis. 

2 

Solar constant: 1415. 5 w/m 
Albedo reflectance: 30% 

Earth IR Emission: 237 w/m^ 

The satellite thermal model as shown in Figure 1 consisted of 158 nodes 
and 483 conduction and radiation resistors. Four r etr or ef lectors at 
various locations on the satellite were analyzed in detail. The locations 
were 1) normal to the sun, 2) at 45° off- sun, 3) at 180° off- sun, and 4) 
at 90° off- sun. 

, »' \ ' 
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TAace. I 


LAG EOS 

SATELLITE THERMAL ANALYSIS ASSUMPTIONS* 
ORBIT PARAMETERS 


ALTITUDE = 5900 KM 
EQUATORIAL INCLINATION = 110* 

ECCENTRICITY < 0. 01 

FULL SUNLIT ORBIT (NO ECLIPSE) 

SATELLITE ATTITUDE 

SPIN RATE =0 

SATELLITE EQUATOR PLANE PERPENDICULAR TO ECLIPTIC 
SATELLITE EQUATOR AND TERMINATOR ARE COINCIDENT 

SATELLITE THERMAL/OPTICAL PROPERTIES 

EXTERIOR SURFACES (SATELLITE STRUCTURE AND RETAINER RINGS) 
as/eii = 0.15/0.05 (BARE MACHINED 6061-T6 ALUMINUM) 

- INTERIOR SURFACES 

eir = 0.05 (BARE MACHINED 606 1-T6 ALUMINUM) 

to 

♦SATELLITE THERMAL ANALYSIS INCLUDES CORRELATED PROPERTIES OF RETROREFLECTOR 
VOLUMETRIC SOLAR ABSORPTANCE AND SATELLITE SOLAR ABSORPTANCE. 
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LAOBOS 

DESCRIPTION or SATELLITE THERMAL/MATH model 


NODE IDEKTIFICATIDW 


balance weight 
(30M2Q4S6) 


half sphere 
(30M2O4S9) 


INDIVIDUAL 

RETROREFLECTORS 

(50M24461) 


INDIVIDUAL 
RETAINER RINGS 
(50M23170) 


INDIVIDUAL 
KEL F RINGS, 

UPPER b LOWER 
(50M24459, P/N 1 fc 2) 


COMBINED RETROS. 
kel f rings, 
retainer rings 


total NODES 



25-42 RETRO #1, FULL SUN 
50-67 RETRO #2, 45* OFF SUN 
75-92 RETRO #3, 180* OFF SUN 
100-117 RETRO # 4. 90* OFF SUN 


43 RETRO #1 
68 RETRO #2 
93 RETRO #3 
118 RETRO #4 


44-49 RETRO #1 
69-74 RETRO #2 
94-99 RETRO #3 
119-124 RET RO #4 


18 PER RETRO 
72 TOTAL 



6 PER RETRO 
24 TOTAL 



total number of radiation and conduction resistors • 463 
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The following are satellite nodes of particular interest: 


Node 

Description 

25 

Tab, Retro 1 

31 

Face, Retro 1 

42 

Apex, Retro 1 

50 

Tab, Retro 2 

56 

Face, Retro 2 

67 

Apex, Retro 2 

75 

Tab, Retro 3 

81 

Face, Retro 3 

92 

Apex, Retro 3 

100 

Tab, Retro 4 

106 

Face, Retro 4 

117 

Apex, Retro 4 


Results 

For the previously stated orbital conditions and thermal/math model 
assumptions the satellite stabilization temperature is 55°C as shown by 
Figure 2. For a non- spinning satellite the hot s_ide and cold side tempera- 
tures are 60°C and 52°C respectively. The total satellite core temperature 
fluctuation during the orbit duration is within 0. 1°C. 

Figure 3 shows that the maximum and minimum r etroreflector face 
temperatures are 16 and -8°C, respectively for the sun side and dark 
retroref lectors. At any one time all r et r or ef lectors will be within 24°C 
of one another. The maximum temperature fluctuation of 5°C is experienced 
by the r etroreflector located on the satellite top surface. 

Temperature profiles for the sun- side r etroreflector are presented in 
Figure 4. There is an approximate 47°C temperature drop between the 
cavity and the corner face. Axial and radial temperature gradients are 
2. 5 and 1. 7°C, respectively. , 

Thermal performance for the r etroreflector located on the satellite 
shadowed side is shown in Figure 4. There is an approximate 60°C 
temperature drop between the cavity and the corner face. Temperature 
gradients in the axial and radial directions are 2. 1 and 1. 3°C respectively. 
As shown by both Figures 4 and 5 corner temperature gradients are 
nearly constant throughout the orbit. 
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Table 2 presents axial and radial temperature gradients for the four* 
retro reflectors analysed in detail. The maximum retroreflector 
axial and radial temperature gradients are 2. 5 and 1. 7°C, respectively 
for the retroreflector normal to the sun (retroreflector #1). The 
average axial and radial temperature gradients for the retro reflectors 
analysed are 2. 3 and 1.4°C, respectively. The average retro- 
reflector temperature is 3. 6°C. 

Conclusions 


Itek was previously supplied retroreflector temperature gradients in 
memo LAG EOS - 2 3 on 28 May 1974 to permit analytical determination 
of optical performance. The retroreflector gradients corresponded to 
a bare machined aluminum satellite in a fully sunlit orbit. A close - 
comparison of the previously transmitted data and the results of the 
satellite thermal analysis are presented below: 

Itek Analysis Inputs Satellite Thermal Analysis 
Kftm (27 May 1974) (27 August 1974) - 

Corner 

Temperature 2. 8°C 3. 6 C, 

AT radial 1.3°C 1.4°C 

AT axial U9°C 2. 3°C 

Baaed on the 27 May 1974 thermal inputs supplied by Bendix, Itek predicted 
that the retroreflector optical return in the 32 to- 41 jx rad annulus would 
be 16. 9%. When compared to the corresponding isothermal return of 
17.7%, an optical degradation of 5% is apparent. 

Optical testing conducted at +60° C cavity temperature indicated an optical 
return of 13. 5% versus 12. 4% for an isothermal retroreflector. The 
improvement of approximately 9% in optical performance could be realised 
for the JLAGEOS satellite since its core temperature of 55°C is nearly 
the same as the test level. 

From the above analysis and test results, the retroreflector degradation 
due to thermal perturbation is less than the maximum allowable level 
of 50%. Therefore, there is a high degree of confidence that the LAGEOS 
will perform adequately during its intended mission. 

E. Gran holm 

EG:b 

cc: S. Krajewski (w/o enclosure), L. Lewis (w/o enclosure) 

J. Massatics (w/o enclosure L J* Monroe (w/o enclosure) 

J. McNaughton (w/ enclosure) K-10 

MSFC-W. Johnson, R. Creel ( w /« nclo8 ' ir «®) 
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LAGEOS 


SUMMARY OF SATELLITE FLIGHT THERMAL ANALYSIS RESULTS* 


LOCATION 

RETRO #1 
FULL SUN 

1 . ' ... .1 ■ ■ . 

RETRO #2 
45* OFF SUN 

RETRO #3 
180* OFF SUN 

RETRO #4 
90* OFF SUN 

AVERAGE 

RETRO 

TEMPERATURE 

16- 0*C . 

8.5*C 

-7-5*C 

-2. 5*C 

3.6*C 

AT AXIAL 

2- 5*C 

2.2*C 

2. 1*C 

2* 3*C 

2- 3“C 

at radial 

i— » 

• 

e 

o 

1.5°C 

1- 3*C 

1. 2*C 

1-4*C 


NOTE: 1. SATELLITE CORE TEMPERATURE = 54.0'C. 


2. APPROXIMATE 8"C GRADIENT ACROSS SATELLITE STRUCTURE. 


♦BARE MACHINED 6061-T6 ALUMINUM SATELLITE AND RETAINER RINGS. 




ENCLOSURE 


LAG EOS, Final Satellite Thermal /Mathematical Model and 
Thermal Model Results 


10 September 1974 

1-17 ♦ •••»• LAGEOS Satellite Thermal /Mathematical 

Model Description 

Pages 17 - 34 - • • • • LAGEOS Satellite Orbital Temperature 

Profiles 
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?V « 5 1 

39.02 

30.15 

30.26 
30.33 

39.45 
30.49 
30. *»9 

__3U.47 

30.41 

39.35 

30.27 
__ 3U.29 

3U. 14 

39.0 7 

30.02 
29.93 

29. 95 

29.93 

29.92 

_2 9.93 

29.94 


T( 941 
29.67 
29.82 

29.92 

30.03 
30*15 

- 30.28 
30.38 

30.46 

30.51 

30.51 
_ 30.48 
30.43 
30.36 
30.29 
„ 30.22 

30.15 
30.09 

30.04 
_ 30.00 
I 29. 96 

29.94 
_ 29.94 
_ 29.94 

29.96 


T( 951 
29.67 
29.8? 

29.92 
30.03 

30. 15 

30.28 
30.38 

30.46 

30.51 

30.51 

30.40 

30. 43~ 
30. 16 

30.29 
_30.22_ 

30.15 
30.09 
_ 30.04 

30.00* 

29.96 

29.94 

29.94 

29.94 

29.96 


U 961 
_ 29.6 7 
_ 29.82 

29.9? 

30.03 
30.15 

30.28 

30.38 

_ 30*46 
_ 30.51 
30.51 

30 .48 

_ 30.43 
30.36] 

30.29 
30 .22 

30.15 

30. 09 

30. 04 

30 .00 

29^96 

29^94_ 

29 .94 

2 9.94 

29.96 


T ( 971 
52.2 2 

52.51 

52 .50 
52 . 50 

52. 51^ 

.. 52.53 

52.56 

52.58 

5 2.60 

J52 • 6 1_ 

52 .62 

52.6? 

52.62 

52.62 

52 .62 

52762 

52. 62_ 

52.62 

52.62 

52j»62 

52. 62 

52. 62 
52.6 3~ 

52.63 


_Tt 98 1 

52. 22 

52.51 

52.50 

52_. 50 

52.51 

52.53 

52.56 

_ 52.58 
52.60 

52.61 

52.62 
52.62 

52.62 
52.6? 

52 .62 

_52.62_ 

52.62 

52 .62 
52.621 

52.62 

52.62] 

52. 62_ 

52.63 

52.63 


TC 991 
~ 52 .22 
52 751 

52.50 

52.50 

52*57 

52.53 

52.57 

... 52.58 
52.60 

5J.6F 

52.62 

7 52.62 
52.6 2 

52.62 
52 .6 2 

52.62 

52.62 

52.62]] 

52.6_2_ 

.52.62 

52.62 

52.6 2_ 

52.63 
*2.63 


JC1001 

-1.5 6 

”2.27 

-2.95 

* -3.50 
-_3.94_ 

-4.20 

-4.54 

-4.75 

-4.91 

-5.0 3 

-5. 10" 

-5 .04 

-4.80 

-4. 28~ 

-3. 55 

-2 .64 

-1. 73 

-0. 90 

-0.30 

0.04_ 

0.0 3 
-0. 30 
-0.98 
_ -1.29 


TI101 1^ 
-1. 56 
-2 .27 
-2.95 
-3.50 

- 3. 94 

-4.28 

_ -4,54 

-4.75 

— -*7?L 

-5.03 

-S*10~ 

_ - 5 .04 

-4.80 

-4.28 

-3. 55 
-2. 64 
-1.73" 

-0.90 

-0.30 

0.04_ 

0.03 
-0.30 
— 0. 8 8 
-1.29 


J 1 1021 

-1.56_ 

_ -2. 27 

-2.95 

- 3.50 

-3.94 

-4.28 

-4.54 

-4.75 

“4.91 

r5.03]] 

-5 . 10 

-5.04 

-4 .80 

-4. 28 

^3.55^ 

-2 • 64_ 

- 1 . 7 3_ 

-0.90 

^0.30^ 

_0. 04 

O.OF 

-0. 30_ 

-0 .88 

-1.29 


TIME 

7 0 .6 

10.00 

720.00 

_ 30.00" 

40.00 

49.99 
59. 9F 

69.99 

79.99 
89.99] 

99.99 

109.99 

119.98 

1 2 9.98 

13 9.98 
149.98_ 
159.98^ 
169798. 
1 79. 97_ 
189. 97_ 
199 A 97_ 

209.97 

21 9.97 

225.53 




*CN'I|X AERO ACfc systems division 

VVAM Jr.HT MfjNi RUN NlJMRFR 


KUN t)i 


[heWmophvs res "group 

TOrTlfir-U-GTnS~S tTELLlTE THE RMAL 


TEMP fra TURFS IN OEr,ffFFr~T 


T I w F 

Trio 31 ~ 

Til 041 

0.0 

-2.61 

-2.6 

10.00 

-3. 36 

-3.3 

20.00 

-4.05 

"-4.0 

36.09 

-4.61 

-4.6 

tO.Oi) 

-5.06 

-5.0 

4 4 ,44 

-5.40 

-5.4 

5 4.99 

-5.67 

-5.6 

69.99 

-5.R4 

‘-5.8 

7 4,99 

-6.04 

-6.0 

89.49 

-6.17 

‘ ~ -6, 1 

44.4 9 

-6.24 

-6.2 

1 04.49 

-6.18 

-6. 1 

119.90 

-5.94 

-5.9 

12°. 4R 

-5.45 

-H _ L. 


T 1 1091 


2 -2 


m 


TU10) 


■*2 


mu 


I**'? ,oa 
1 59.98 
1 s 9 . 9 s 
174.97 
1M9.97 
1 . 9 7 
209. ,97 
219.4/ 
2? 5. S3 


-5,26 


-5 


-l*62 -2.03 


89.99 - 


109.99 


119.98 


129.98 


139.98 


149.98 


159.98 


169.98 


179.97 


189.97 


209.97 


219.97 


225.53 








































Ov TrrJ t- 





bPi..|» MP0JP4C8 SVSTgMS OlviSlTN 

HK.nl klJN R.JN NUMRf« 


T |MI? 

T (1 1 3 1 

Til 14) 

0.0 

-l.bl 

-1.06 

10.00 

-2.33 

-1.79 

2U.no 

-3.01 

-2.47 

30.00 

-3.60 

-3.06 

4^.00 

-4.05 

-3.52 

49.97 

-4.41 

-3.87 

59.99 

-4.69 

-4.15 


: IMP PHD PH VS IC S GPOUP ~ lMir~*««i75i» 1i7ii*T7r5r«K 

JUIN. p*TC_oa/? r m . rue i j u e“T40| os WeTIT f FTH ErHft-Wt Tvr^-* - ?P ' Tf?m ; w 

— - TEMPERATURES I N~~OEGR Ftw 


109.99 
ll : '.9q 
IM. 1 ) 1 ! 
1 39.9-1 

149.98 
1 5 ) . ? 3 

199.98 

1 79.97 

139. 97 

199.97 
2Q9.97 

219.97 
225.53 


mi5)_ 
-1.06 
__-l.79 
-2.47 
-3.06 
-3*52 
’ -3.87 

If. 


mitT 

__ -1.06 

- 1 

- -2*17 

- 3^06 

-3,52' 

-3,07 


T ( 1 1 7) 

-0.50 

- 1.21 

-i.W 

-2.4<f 

-2.94 

-3.29’ 


TUlfl) 

32.33 

32. |4" 

3M5 

31.78 

31.63 

31.51 

"y"' 


T 1 1 1 9 1 

32 . 33 

32.16 

__n.'97_ 

31.78 

31.64" 

31 . 52 ' 


31.26 


31.60 


31.84 


Tt 120") 

32.33 

32. 16 

. 31.97 

31. 70^ 

31.64 

31*52 


31.26 


32.33 
32.16 
31.97 
ii.Ii 
31. 64_ 
31.52 


31.26 


31.85 


53.89 
~*4. 19 

54 . 20 
J4.20 

54.21 
54.23 


54.27 
54.29 
54. 3T 


5 


54.37 


32.58 


32.81 


32 

32.59 32.59 


_ 0.0 
_ io.oo' 
20.00 
—30.001 
40.00 
49.69^ 

9~ 

1 

79.99 
__ 89.99 

99.99 


109.99 

119.90 


139.98 

149.98 


159,98 


169.98 


179.97 


189.97 


199.97 


219.97 






















P.rv ix AfHOSfMC* SYSTMS r>lVlS10N_ 
P^'Jf.RAM fUOHT PUN RUN NU«Hf:R 


RUN DATE 08/27/74 


THERMQPHYS1CS GROUP ANN ARBOR f NICNIGAN 

RUN TITLE L AGE OS SATELLITE THERMAL ANALYSIS 


TEMPFRATURFS IN DEGREES 


t t t f F~ 

TTiTtn 

T"U24V~ 

T 1 1251 

M 1261 

TU27) 

T 1 128 ) 

T ( 129 ) 

Tit 30 1 

7(131) 

T( 132) 

TIME 

L’ * 0 

53.09 

53.99 

17.22 

-1.17 

-1.56 

-6.<Tl 

-4.72 

-5.11 

-5.44 

-5.83 

0.0 

10.00 

54.19 

54.19 

17.00 

-0.45 

-0.84 

-6.43 

-4.96 

-5.35 

-5.13 

-5.52 

10.00 

2 0.00 

54.20 

54.20 

15.78 

-0.02 

-0.40 

-6.18 

-5.15 

-5.54 

-4,54 

-4.93 

20.00 

" " 30,0) 

54.20 

54.20 

16.58 

0.06 

-0.32 

-5.90 

-5.30 

-5.68 

-3.74 

-4.12 

30.00 

40*0') 

S'*. 21 

54.21 

16.41 

-0.22 

-0.60 

-5.58 

-5.41 

-5.79 

-2.77 

-3.15 

40.00 

4 0.99 

54.23 

54.2*3 

16.28 

-0.80 

-1.18 

-5 . 27 

-5.40 

-5.78 

-1.83 

-2.20 

49.99 

• S9.09 

54.24 

54.24 

16,18 

-1.60 

-1.97 

-5.00 

-5.26 

-5.64 

-0.98 

-1.35 

59.99 

SO. 90 

54.25 

54.25 

16.11 

-2.38 

-2.75 

-4.80 

-4,82 

-5.20 

-0.39 

-0.76 

69.99 

79,09 

54.27 

54.27 

16.07 

-3.09 

-3.46 

-4.69 

-4,10 

-4.47 

-0.09 

-0.45 

79.99 

39,90 

54.29 

54.29 

16.07 

-3.66 

-4.03 

-4.68 

. -3.17 

-3.55 

-0.16 

-0.53 

89.99 

99.00 

54.31 

54.31 

16.12 

-4. 10 

-4.47 

-4.77 

-2.14 

-2.51 

-0.55 

-0.92 

99.99 

l 39.99 

54.32 

54.32 

16.22 

-4.44 

-4.82 

-4.94 

-1.20 

-1.57 

-1.20 

-1.57 

109.99 

110.93 

54.33 

54.33 

16.36 

-4 . 7 f 

-5.09 

-5.16 

-0.42 

-0.T9 

-1.98 

-2.35 

119.98 

120.93 

54.34 

54. 3* 

16.57 

-4.92 

-5.30 

-5.40 

0.06 

-0.31 

-2.71 

-3.08 

129,98 

139.91 

54.35 

54.35 

16.81 

-5.08 

-5.47 

-5.65 

0.22 

-0.15 

-3.36 

-3.72 

139.98 

r* 

• 

J' 

54.37 

54.37 

17.08 

-5.21 

-5.60 

-5.07 

-0.00 

-0.37 

-3.86 

-4 .23 

149.98 

ISO. 09 

54.39 

54.38 

17.34 

-5.26 

-5,64 

-6.p6 

-0,53 

-0.89 

-4.25 

-4.62 

159.98 

l 4 9 . 9 H 

54.39 

54.39 

17.57 

-5.17 

-5.56 

-6.22 

-1.30 

• -1.66 

-4.56 

-4.93 

169.96 

170.97 

54.41 

54.41 

17.73 

-4.84 

-5.22 

-6.35“ 

-2.11 

-2.48 

-4.80 

-5.17 

179.97 

1 «9.97 

54.42 

54.42 

17.81 

-4.20 

-4.59 

-6.44 

-2.85 

-3.22 

-4.99 

-5.36 

189.97 

1 00.07 

54.42 

54.42 

17.80 

-3.35 

-3.74 

-6.48 

-3.46 

-3.83 

-5.14 

-5.51 

199.97 

200.07 

54.43 

54.43 

17.71 

-2.35 

-2.74 

-6.49 

-3.94 

-4.31 

-5.25 

-5.62 

209^97 ’ 

219.97 

54.43 

54.43 

17.55 

-1.40 

-1.7B 

-6.43 

-4.31 

-4.68 

-5.24 

-5.62 

219.97 

225.53 

54. <*3 

54.43 

17.45 

-0.91 

-1.29 

-6.37 

-4.48 

-4.85 

-5.18 

-5.56 

225.53 






^'*1 u iC«rjSPACt SVSTMS DiviSION 
IGMT RUN* 'PUN NUMBER 


THFKMOPHVSICS group 


PUN TITLE LAGEOS SATEL LI f E f HER M AL A N A CVS | S 
T EM PE ft & f QreI~Tn~~DF GR C E S C • 


AN N ARB OR# MICH I GAN 


T I W E 
0.0 
l o . no 

Tg.00 

<.0.0 o 

*'».99 
VJ.9 * 
>.0.0 0 
7<i. go 
#‘‘.00 
O'l.OO 
'loo.'-po 
. 1 l 

1 2 •‘.op 
_1 3 '*.51 
1 **o.oa 
isj.ot 
1 (> 0 . 0 # 
1 70.07 

1 fl ' J . 07 
100.07 

2 u 0 . 9 T 
210.97 
225.53 


T < 13 31 
-l .72 
-2.46 
-3.16 
“3.73 
“4.17 
-4.52 
-4.79 
-5.00 
-5.16 
-5.29 

-5. 36 

-5.30 
__ “6.08 
_-4.57 

-3.83 

- 2.93 
_-l .09 
.-1.14 

-0. 50 

“0.14 
_-0.13 
-0.45 
_-l .03 
-1.45 


TC l 34) 
- 2.06 
-2.81 
-3.50 
-4.09 
_ -4.54 
-4.89 
-5.16 
-5.38 
-5.54 
" -5.67 

-5.74 

_ -5.69 

-5.46 

-4.95 

-4.?? 

_ -3.31 
_ -2.37 

-1.52 

-0.88 

-0.52 
_ -0.51 
_ -0.B3 
__ -1*41 
-1.82 


TI135I 
66.67 
_ 66.35 

66.38 

66.39 
66.3? 
66.28 
66.26 
66.24 

„ 66.23 
66.24 

66 .25 

. 66.27 

66.3_t 

_ 66.37 

66.43 

66.50 

66.58 

66.66 

66.73 

66.78 

66.80 

_ 66.79 

66.77 

66.75 


7(1361 
3 2 .17 
32.49 
— 3 2.77 
_ 32.92 
32,92 
32 . 79 
„ 32.55 
32.29 
32.04 

3 U 84 

31.69 
_1 31 _. 57 

3 1,47 

__ 31.40 

3 1.34 

3 U 30 

31.27 

31 .27 

31.34 
_ 31.48 
3 1 »69 

31.96 

32.26 

32.43 


JJ137) 

3 1 .72 

32.05 

32.34 

32.49 

_ !?•**" 

32.36“ 

32,1 2 

31.8 6 

31.61 

31.41 

31.26 

_3U13 

31.09 

30._96 

30. 9f 

30.86 

30.83 

30.84 
30.90 
31.04 

31.25 

31.52_ 

31.83 

31.99 


H 136 1 
29.67 


T ( 1 39 1 


T ( 1401 


30.44 
3 0.39 
30.32 
30*25 
30.18 
30 . U_ 

30.0 5_ 

30.00 
29. 95 

2r*?2 

29.90 
29.8 9_ 

29.90 

29.91 


78 

31 

88 

31 

99 

31 

LI 

31 

23 

31 

34 

31 

42 

31 

47 

31 

47 

31 


28 

30.89 

31 

23 

30.83 

31 

18 

30.78 

31 

13 

' 30.74 

31 

10 

30.71 

31 

10 

30.71 

32 

16 

30.76 

32 

30 

30.91 

32 

53 

31.13 

32 

BO 

31.40 

32 

09 

31.69 

32 

34 

31.94 

32 


32.74 
32.85 

,32 *JB6_ 
32.76 
32.58 
3 2.35 
32.12 
31.92 

31.75 
31.61 
31.55 


32.16 

3 2.34 

32.45 

3 2.46 
32.36 
32.18 
31.95 
31.72 
31.51 

31.34 
31.21 
31.15 


32.39 
32.16^ 
31.94 
JLl .77. 
31.62 
31.51 
31.42 
.31.35 
31.30 
31.26 
31.25 
31.25 


30.56 
30.71 
13 0.90 
_3 1 .1 8 
3 1 . 54 
31*90 
32.23 
32.46 
32 .58 
“32.57 
32.44 
32.24. 
,31.99 
,3 1 . 76 
31.54 
31.36„ 
31.22 
31.11. 
31.02, 
30.95_ 
30.90 
3O._0_6 
30, VT 
30.85 


TIME 

0.0 

10.00 
“ 20.66 
_ 30. 00^ 
_ 40.00 
_ 49,99^ 

59 . 99 

69.99 
_ 79.99] 
_ 89.99 

99.99 

10 9U99 

11 9.98 

129. 9|_ 

139.98 
_149,98_ 

159.98 

169.98 

179.97 

189.97_ 

199.97 

209.97 


219.97 


225.53 






# * ' 

.... - - - - 


ppn£e 31 a 


(Ojrrvr t>^-m 



-- . .. -- 

— . _ 


i ■ — _ _ 

“ oTmtoN 

FtK.HT KUN A UN NUKRER 

THEPMGPHY SICS GROUP 

PUN DATE Ofl/27/74 RUN TITLE LAGEUS SATELLITE 

THERMAL 

ANN ARBOR, MICHIGAN 
^ANALYSIS 



































































3Z. o P? ^ 


ur !t ,% l< 'VEPHSPACP SYSTEMS DIVISION 
PWjr.UAM HHiHT H UN «JN NU**ftFP 


" . J>«E WHO PHV SICS OR OU P 


*1 fill 1' RTuVmL £ LACf ns S AT It H TTTHg a HAI TANALTST S 


ANN MICHIGAN 


TEMPE R AT UPTS IN O f GR E t S C 




60^78 
60.79 
60.60^ 
60. 81_ 
60.82 
6 0.8 3_ 
60. 84_ 
60.85 

60.8V 
60. >6 
6 0.86 
60.87 


54.35 

54.35 


54.35 


54.35^ 

54736, 

54.36 


54.37 


54.38 


_54._39_ 

54.40 

54.42 

54.43 


• 84 

• 84 

52.62 

52.62 

54.38 

54.39 

53.88 
. 53.89 

54.40 

54.39 

53 

53 

.84 

52.62 

r 54.40 

53.89 

54,38 

53 

• 84 

52.62 

54,40 

53.90 

54.38 

53 

.85 

52.62 

54.41 

53.90 

54.37 “ 

53 

.85 

52.62 

54.41 

53.90 

54.37 ' 

51 

• 85 

52.62 

54.41 

53.90 

54.37 

53 

. 86 

52.62 

54.40 

53.90 

54.37 

53 

* 8 7 

52.62 

54.40 

53.89 

54.37 

53 

.88 

52.62 

54.40 

53.89 

54.37 

53 

.89 

52.62 

54.40 

53.89 

54.37 

53 



109.99 

U9.98_ 

129.98 

139.98 
149*98, 
1 5 9. 98 


169.98 


1 79.97 

189.97 


53.91 

53.92 


52.63 


54.39 

54.39 


53.89 

53.88 


54.38 

54.38 


M. 

53. 


86 

87 

87 


199.97 
209. 9T 

219.97 
225.53 



pi - r/vtj © vjrfvr . t ? Arrt ; 




fEf.f'U ih^nspacr systems Division 


P= 1 .- fi IGHT *HJN 


pun numbpr 


run da tp oWzTnu 


TH6PM0PHVSICS GROUP 
PUN Tl TIE L AGEOS SATELL ITE THERMAL ANALYSIS 


ANN ARBOR 


temperatures in degrees c 


MICHIGAN 


tlMg 

TUMI " 

t ( l 44 > 

fuon 

T 1 202 1 

mo 3 > 

7*2041 

T ( 205 1 

T * 2061 T ( 

01 

T | 0 ) 

TIME 



0.0 

53.39 

53.33 

- 273.33 - 273.33 

- jm . fr - 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

0.0 



10.00 

54.19 

53.69 

- 273.33 

- 273 . 33 . 

- 273735 “ 

- 2 * 3.33 

‘‘- 273.33 

- 273.33 

6.6 

0.0 

10.00 



20.00 

54.20 

53.70 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273,13 

^.0 

0.0 

20.00 



00. uo 

54.20 

53.70 

- 273.33 

- 273.33 

- 273 . 35 “ 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

30.00 



4 0.00 

54.21 

53.71 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

40.00 



4 0. VI 

54.23 

53.72 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

6.6 

0.0 

49.99 



59.57 

54.24 

> 3.74 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 271.33 

0.0 

0.0 

59.99 



b9.59 

54.25 

53.75 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

69.99 



7 9.09 

54.27 

53.77 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

79.99 



89.90 

54.29 

53.79 

- 273.33 

-273735 

- 273.33 

- 273 .fr 

- 273.33 

- 273.33 

~ o 7 o 

0.0 

89.99 



00,00 

54.31 

53 . BO 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

99.99 



iOO.vo 

54.32 

53.82 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

109.99 



110. OH 

54.33 

53.83 

- 273 . 3 J 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

119.98 

■* 


1 20.06 

54.34 

53 . B 4 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

129.98 



130.03 

54.35 

53.65 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

139.98 


. 

1 - 0.01 

54.37 

53 . B 6 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

149.98 


* 

1 8 0, 0 3 

54.38 

53.67 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

159.98 



tf>0. 03 

54.39 

53.89 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

169.98 



170*97 

54.41 

31.90 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

179.97 



tilO.97 

54.42 

51.91 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

189.97 



190.97 

54.42 

53.92 

- 273.33 

- 273.33 

- 273*33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

199.97 



?U9.97 

54.43 

53.92 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

209.97 



219.07 

54.43 

33.92 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

219.97 



225.53 

54.43 

53.92 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

- 273.33 

0.0 

0.0 

225.53 
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FINAL PRESENTATION 
NASA- MS FC LAGEOS PDR 
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C- 


I 


APPENDIX L 


BEND EX PHASE B LAGEOS 


THERMAL/OPTICAL/ VIBRATION ANALYSIS AND TEST PROGRAM 


OVERALL OBJECTIVE 


VERIFY, THROUGH ANALYSIS AND TEST, THAT MSFC LAGEOS DESIGN 
PROVIDES A THERMAL ENVIRONMENT WHICH MAINTAINS ACCEPTABLE 
RETROREFLECTOR GRADIENTS (I. E. , < 50% DEG RATION FROM 
ISOTHERMAL PERFORMANCE). 


SPECIFIC OBJECTIVES 


DEVELOP LAGEOS THERMAL MODEL AND CONDUCT THERMAL ANALYSIS 
TO PREDICT RETROREFLECTOR THERMAL BEHAVIOR. 

PREDICT OPTICAL PERFORMANCE UNDER VARIOUS THERMAL CONDITIONS. 

PROCURE AND FABRICATE TEST HARDWARE REQUIRED TO REPRESENT 
LAGEOS DESIGN FOR PURPOSES OF ENVIRONMENTAL TESTS. 

ACCOMPLISH THERMAL, OPTICAL AND MECHANICAL VIBRATION TESTS TO 
VERIFY THAT THERMAL MODEL AND THERMAL ANALYSIS PREDICTIONS ARE 
REPRESENTATIVE OF SATELLITE PERFORMANCE. 


t-* 
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LAG EOS 


BEND IX PDR PRESENTATIONS 


THERMAL SESSION 

THERMAL PARAMETRIC AND SATELLITE ANALYSIS 
THERMAL/ VACUUM TESTS 

OPTICAL SESSION 

THERMAL/OPTICAL ANALYSIS 
THERMAL/OPTICAL TESTS 

DYNAMICS SESSION 

VIBRATION TESTS 
ACOUSTICS 



L-4 




LAG EOS 

THERMAL DESIGN, TEST AND ANALYSIS 


4 September 1974 


LAGEOS 


THERMAL DESIGN/ANALYSIS/TEST OUTLINE 
RATIONALE FOR TEST ITEM THERMAL DESIGN 
PRETEST THERMAL PREDICTIONS FOR TEST ITEM 
THERMAL /VACUUM TEST RESULTS 
CORRELATION OF ANALYSIS /TEST DATA 
SATELLITE THERMAL PERFORMANCE PREDICTIONS 
CONCLUSIONS AND RECOMMENDATIONS 
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LAGEOS 


thermal design, test and analysis 
SUMMARY OF RESULTS AND CONCLUSIONS 


CLOSE AGREEMENT BETWEEN PR FT 

and retroreflector test imSI™ p thermal predictions 

PREDICTIONS ARE WITHIN 5-C OP mSSSSK'SSr 1 

ISOTHERMAL C OR NER DU E^ O PFrrr PERFORMANCE FROM AN 

ALLOWABLE DEGRADATION IS 50« PERTURBATI °N (MAXIMUM 




HIGH DEGREE OF CONFIDENCE THAT thpruat 

PERFORMANCE PREDICTIONS WILL BE ACCURATE. L SATELLITE FLIGHT 



LAG EOS 


THERMAL/OPTICAL DESIGN OBJECTIVES 


PROVIDE A THERMAL DESIGN WHICH MAINTAINS INDIVIDUAL 
RETROREF LECTORS IN A NEARLY ISOTHERMAL STATE TO 
OPTIMIZE OPTICAL PERFORMANCE. 


HIGH THERMAL RESISTANCE MOUNTING OF RETROREFLECTORS 

1. LOW LR EMITTANCE OF CAVITY, AND 

2. LOW THERMAL CONDUCTANCE BETWEEN 
RETROREFLECTOR TAB AND ASSOCIATED 
MOUNTING RINGS. 


UTILIZE THERMAL/OPTICAL COATINGS AND FINISHES ON 
SATELLITE EXTERIOR SURFACE THAT MINIMIZE 
RETROREFLECTOR- TO- CAVITY TEMPERATURE 
DIFFERENCES. 
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LAG EOS 


ORBITAL ENVIRONMENT PARAMETERS 


AJ A A 


1ZM.IS TICS 


ORBITAL ALTITUDE = 5900 KM 
equatorial INCLINATION =110° 

ORBITAL ECCENTRICITY fr 0 01 

SATELLITE sTnRATE To '££***'» 

ORBITAL HEATING CONSTANTS* 

MAXIMUM DIRECT SOLAR = 141? « w/ w2 
MEASUREMENT ACCURACY TOLERANCE) 1N 01 SUN & 

MAXIMUM ALBEDO ■ 38. , W /M * (ALBEDO REFLECTANCE , 30% 
mSTeMMrSu'rb ‘ W 1 ^°0 EQUIVALENT BLACK 


ABASED ON INFORMATION CONTAINED 
S&E-ASTN-PF 72-67. 


IN MSFC TMX-64627 AND 
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LAG EOS 


ORBITAL ENVIRONMENT PARAMETERS 


• ORBIT CHARACTERISTICS 

ORBITAL ALTITUDE = 5900 KM 
EQUATORIAL INCLINATION = 110° 

ORBITAL ECCENTRICITY ± 0. 01 

SATELLITE ATTITUDE = NO PREFERRED ORIENTATION 
SATELLITE SPIN RATE = NO SPIN 


. ORBITAL HEATING CONSTANTS* 


MAXIMUM DIRECT SOLAR = 1412. 5 W/M 2 (WINTER SUN & 
MEASUREMENT ACCURACY TOLERANCE) 


MAXIMUM ALBEDO = 38. 1 W/M 2 (ALBEDO REFLECTANCE = 30%) 

5 W/m2 M9 ° C EQUIVALENT BLAm 


♦BASED ON INFORMATION CONTAINED IN MSFC 
SfcE-ASTN-PF 72-67. 


TMX-64627 AND 



LAG EOS 


THERMO-PHYSICAL PROPERTIES 


RETROREF LECTOR 


THERMAL CONDUCTIVITY 


SPECIFIC HEAT 


TEMP (°C) 

K (CAL/SEC CM °C) 

-50 

0. 0030 

20 

0. 0033 

100 

0. 0035 

TEMP (°C) 

Cp (CAL/GM°C) 

-100 

0. 12 

-50 

0. 14 

0 

0. 17 

100 

0.23 


SPECIFIC GRAVITY = 2. 20 
IR EMITTANCE = 90% 

VOLUMETRIC SOLAR ABSORPTANCE = 5% 


SATELLITE (BARE MACHINED ALUMINUM) 


SOLAR ABSORPTANCE = 37% 
IR EMITTANCE = 5% 


NOTE: AFTER CORRELATION WITH THERMAL/ VACUUM TEST DATA THE 

RETROREFLECTOR VOLUMETRIC SOLAR ABSORPTANCE WAS MODIFIED" 
TO 2. 5% AND THE SATELLITE SOLAR ABSORPTANCE WAS MODIFIED TO 
15%. ALL OTHER THERMO-PHYSICAL PROPERTIES REMAINED THE 
SAME. 



II- 


LAG EOS 


PRETEST RETROREFLECTOR AND MOUNT THERMAL PREDICTIONS * 



NOTE: 


CHAMBER PRESSURE AND TEMPERATURE MAINTAINED 
AND -185°C, RESPECTIVELY 


AT LESS THAN 1 x 1<T 6 


TORR 


*BARE, MACHINED 6061-T6 ALUMINUM SATELLITE AND RETAINER RING 


EXTERIOR SURFACE FINISH 
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LAG EOS 


THERMAL ANALYSIS OF RECESSED RETROREFLECTOR* 


ENVIRONMENTAL 

CONDITION 

RECESS 

DEPTH 

CAVITY 
„ TEMP 

RETRO 

FACE 

TEMP 

£. T AXIAL 

RADIAL 

NO SUN, NO IR 

1. 0 MM 

+ 30°C 

-20. 9°C 

I. 6°C 

1. 1°C 

1.0 CM 

+ 30°C 

- 7. 2°C 

I. 2°C 

0. 8°C 

SUN, NO IR 

1. 0 MM 

+ 30°C 

2. 8°C 

1. 9°C 

1. 3°C 

1.0 CM 

+ 30°C 

18. 3°C 

1 . 4°C 

0. 9°c 

NO SUN, IR 

1. 0 MM 

+ 30°C 

-12. 1°C 

1. 4°C 

0. 9 

1. 0 CM 

+ 30°C 

2. 1°C 

0. 9°C 

0.6 


NOTE: PRELIMINARY STUDIES CONDUCTED BY MSFC INDICATED THAT FOR I. 0 CM 
RETROREFLECTOR RECESSION THE SATELLITE OPTICAL RETURN COULD BE 
REDUCED BY 30% DUE TO OBSCURATION. 


*BARE, MACHINED 6061 -T6 ALUMINUM SATELLITE AND RETAINER RINGS. 


C 




LAG EOS 


retroreflector temperature gradient input to itek 


ITEK CASE 
NUMBER 

RETROREFLECTOR 
&T AXIAL 

RETROREFLECTOR 
AT RADIAL 

2. 3. b 
2.4. b. 2 

1 . 9°C 

1. 3°C 

2. 3. a. I 

1. o°c 

0. 4°C 

2. 3. a. 2 

3, 5°C 

O 

0 

o 

2. 5. a 

2. 0°C 

— ■ 111 . «... 

0°C 

2. 5. b 

0°C 

' " 1 ■■ ,1 

2. 0°C ] 

- < 


description 


bare, MACHINED, 6061-T6 ALUMINUM 
RETAINER RING AND SATELLITE* + 30°r 
CAVITY; FULL SUN; NO IR. ’ 


Z-93 COATING ON RETAINER RING AND 
SATELLITE EXTERIOR SURFACE; BARE 
MACHINED ALUMINUM CAVITY AT 
“ 30°C; FULL SUN; NO IR. 


ESTIMATED MAXIMUM 


HYPOTHETICAL AXIAL TEMPERATURE 


NOTE: ISOTHERMAL RETROREFLECTOR TEMPERATURE = 25° 
NUMBERS 2.1, 2.2, AND 2. 4. a.) “ 


C (USED IN ITEK CASE 


LAG EOS 


RESULTS OF PRETEST THERMAL DESIGN PARAMETRIC STUDIES 


INDEPENDENT HEAT TRANSFER PARAMETRIC STUDIES CONDUCTED 
MSFC AND BxA INDICATED THAT THE FOLLOWING THERMAL DESIGN 
FEATURES ARE NECESSARY TO ACHIEVE A NEARLY ISOTHERMAL 
RETROREFLECTOR. 


1. LOW CAVITY IR EMITTANCE - BARE, MACHINED 
6061-T6 ALUMINUM POSSESSES AN IR EMITTANCE 
OF 5%. 

2. LOW MOUNT CONDUCTANCE - KEL-F RINGS WERE 
DESIGNED TO PROVIDE A 0, 003 TO 0. 005 INCH 
RETROREFLECTOR TAB/MOUNT CLEARANCE TO 
MINIMIZE CONDUCTION HEAT TRANSFER. 

3. REFLECTIVE THERMAL CONTROL COATINGS FOR 
SATELLITE EXTERIOR SURFACES - LOW SOLAR 
ABSORPTANCE/HIGH IR EMITTANCE COATINGS 
REDUCE RETROR EFLECTOR/ CAVITY TEMPERATURE 
DIFFERENTIALS AND HEAT INTERCHANGE. 



LAG EOS 

DESCRIPTION OF THERMOCOUPLE FIXTURE 


. THERMOCOUPLE FIXTURE CONTAINS TWO 

INSTRUMENTED ALSEP RETROREFLECTORS AND 
IS MOUNTED TO THE LAGEOS THERMAL/ VACUUM 
TEST FIXTURE. 


CONDUCTIVE MOUNTING INTERFACE FOR LAGEOS/ 
ALSEP RETROREFLECTORS IS IDENTICAL. 


. LAGEOS /ALSEP RETROREFLECTORS ARE EXPOSED 
TO IDENTICAL INTERNAL AND EXTERNAL RADIATION 
THERMAL ENVIRONMENTS. 


. ADDITIONAL THERMOCOUPLE INSTRUMENTATION 
LOCATED ON UPPER AND LOWER KEL-F RINGS, 
RETAINER RING, AND RETROREFLECTOR CAVITY. 


.. Retainer 
I Ring 



THERMOCOUPLE 

FIXTURE 


. LAGEOS RETROREFLECTOR PANEL TEMPERATURE WAS 
ALSO MONITORED. 


r 



LAG EOS 


v 


COMPARISON OF THERMAL ANALYSIS/ TEST DATA 


TEST NUMBER 

DATE/TIME 

ENVIRONMENTAL 

CONDITION 

THERMAL ANALYSIS 

THERMAL TEST 

CAVITY 

RETRO 

FACE 

RETAINER 

RING 

CAVITY 

RETRO 

FACE 

— 

RETAINER 

RING 

19 

8-13-74/0723 

NO SUN, NO IR 

-30. 0°C 

-64. 5°C 

-38. 2°C 

-30. 0°C 

-62. 5°C 

-36. 0°C 

9 

8-9-74/0711 

NO SUN, IR 

-30. 0°C 

- 51. 7°C 

-35, 5°C 

-30. 5°C 

-47. 0°C 

-33. 5°C 

8 

8-9-74/1456 

FULL SUN, NO IR 

-30. 0°C 

-34. 7°C 

7. 2°C 

-29. 5°C 

-43. 5°C 

-17. 0°C 

3 

B- 10-74/0226 

NO SUN, NO IR 

+ 30. 0°C 

-20. 9°C 

12. 4°C 

30. 5°C 

-23. 5°C 

2 1. 0°C 

6 

8-9-74/2330 

NO SUN. IR 

+ 30. 0°C 

-12. 1°C 

14. 9°C 

29. 0°C 

-13. 5°C 

2 1. 5°C 

4 

8-9-74/2000 

FULL SUN. NO IR 

+ 30.0°C 

2. 8°C 

51. 3°C 

29. 5°C 

-20. 0°C 

21. 5°C 

— 


i 


t- 


I . 

+— • 

CP' 

























































LAG EOS 


POST TEST THERMAL ANALYSIS AND ANALYSIS/TEST CORRELATION (TEST ARTICLE) 


TEST NUMBER 


4* 


8 * 


DATE/ TIME 


8-12.74/1621 


8-9-74/2000 

8-9-74/2330 


ENVIRONMENTAL 

CONDITION 


NO SUN, NO IR 


FULL SUN, NO IR 


FULL SUN, NO IR 


ANALYSIS 


CAVITY 


60, 0°C 


30. 0°C 


-30. 0°C 


RETRO 

FACE 


I. 0°C 


-10. 1°C 


-50. 8°C 


RETAINER 

RING 


36. 5°C 


29. l°C 


-18. 6°C 


CAVITY 


61. 5°C 


29. 5 C 


-29. 5°C 


TEST 


RETRO 

FACE 


- I.0°C 


-20. 0°C 


RETAINER 

RING 


38. 0°C 


-43. 5 C 


21, 5°C 


-17. 0°C 


•CORRELATED THERMAL/MATHEMATICAL MODEL (BASED ON THERMAL VACUUM TEST DATA,. 

'• RETROREFI 'ECTOR VOLUMETRIC SOLAR ABSORPTANCE MODIFIED FROM 5. 0% TO 2. 5%. 

2. SOLAR ABSORPTANCE OF BAR E, MACHINED ALUMINUM MODIFIED FROM 37% TO 1 5%. 

3. ALL OTHER LAGEOS THERMAL ANALYSIS ASSUMPTIONS REMAIN UNCHANGED. 



RETROREFLECTOR THERMAL GRADIENT INFORMATION* 

(THERMAL ANALYSIS) 


ENVIRONMENTAL 

CONDITIONS 

CAVITY 

TEMP 

RETRO 

FACE 

AT 

AXIAL 


NO SUN, NO IR 

-30° C 

-65 . 4° C 

0. 6”C 

0. 5 ° C 

NO SUN, IR 

-30° C 

-5 1. 7 0 C 

0. 4® C 

0. 3° C 

FULL SUN, NO IR** 

-30° C 

-50. 8° C 

0. 8° C 

0. 5° C 

NO SUN, NO IR 

+30° C 

-20.9°C 

am 

1. 1°C 

NO SUN, IR 

+30° C 

- 12. 1 ® C 

— — 

1 .4° C 

O 

P 

O' 

• 

o 

FULL SUN, NO IR** 

+30° C 

-10. 1°C 

1 . 8° C 

1. 2°C 

NO SUN, NO IR 

+60° C 

1.0°C 
- 

2, 4° C 

1 . 5® C 


*BARE MACHINED. 6061 -T6 ALUMINUM RETAINER RING 

**CORRELATED THERMAL MODEL 

































LAGEOS 


SATELLITE THERMAL ANALYSIS ASSUMPTIONS* 
ORBIT PARAMETERS 


ALTITUDE = 5900 KM 
EQUATORIAL INCLINATION =110* 
ECCENTRICITY < 0. 01 
FULL SUNLIT ORBIT (NO ECLIPSE) 

SATELLITE ATTITUDE 


SPIN RATE = 0 

SATELLITE EQUATOR PLANE PERPENDICULAR TO ECLIPTIC 
SATELLITE EQUATOR AND TERMINATOR ARE COINCIDENT 

SATELLITE THERMAL/OPTICAL PROPERTIES 


EXTERIOR SURFACES (SATELLITE STRUCTURE AND RETAINER RINGS)' 
*»/€ir = 0* 1 5/0. 05 (BARE MACHINED 6061-T6 ALUMINUM) 


INTERIOR SURFACES 

€ir = 0.05 (BARE MACHINED 6061-T6 ALUMINUM) 


*^f LLITE THERMAL ANALYSIS includes correlated properties of retroreflector 

VOLUMETRIC SOLAR ABSORPTANCE AND SATELLITE SOLAR ABSORPTANCE. 
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LAGEOS 


DESCRIPTION OF SATELLITE THERMAL/MATH MODEL 


ITEM 

NODE IDENTIFICATION 

NUMBER of NODES 

BALANCE WEIGHT 
(30M20456) 

L 2 

2 

HALF SPHERE 
(30M20459) 

3-12 

10 

INDIVIDUAL 

RETROREFLECTORS 

(50M24461) 

25-42 RETRO #1, FULL SUN 
50-67 RETRO #2, 45* OFF SUN 
75-92 RETRO #3, 180* OFF SUN 
100-117 RETRO #4, 90* OFF SUN 

18 PER RETRO 
72 TOTAL 

INDIVIDUAL 
RETAINER RINGS 
(50M23170) 

— ' - 

43 RETRO #1 
68 RETRO #2 
93 RETRO #3 
118 RETRO #4 

4 

INDIVIDUAL 
KEL F RINGS, 

UPPER b LOWER 
(50M24459, P/N 1 & 2) 

44-49 RETRO #1 
69-74 RETRO #2 
94-99 RETRO #3 
119-124 RETRO #4 

6 PER RETRO 
24 TOTAL 

COMBINED RETROS, 
KEL F RINGS, 
RETAINER RINGS 

125-164 

40 

SPACE 

201-206 

6 

TOTAL NODES 

- 

n 158 


TOTAL NUMBER OF RADIATION AND CONDUCTION RESISTORS = 483 



iz-a TEMPERRTURE tO 


SATELLITE STRUCTURE STABILIZATION TEMPERATURES 

LAGEOS SATELLITE THERMAL ANALYSIS, BARE MACHINED ALUMINUM FINISH 

FLIGHT RUN RUN DATE 08/27/74 


68 


64 


60 


56 


52 


48 


44 


□ 1 SATELLITE BALANCE WEIGHT 
A 12 SATELLITE STRUCTURE, DARK SIDE 


0 11 SATELLITE STRUCTURE. SUN SIDE 


L 


BENCH X-BEROSPBCE ststems 01 V I s I on 


TIME tRIN) 
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ZZ-'I y , ’ TEMPERATURE ( C) 


TYPICAL RETROREFLECTOR TEMPERATURE RESPONSES 


LfiGEOS S R T E l_ [_ I T E THE R M R L ANALYSIS. BARE MACHINED ALUMINUM FINISH 

LiUMl MUN RUN DATE 08/27/74 


0 31 RETRO FACE. SATELLITE SUN SIDE 
a 81 RETRO FACE. SATELLITE OARK SIOE 



0 56 RETRO FACE. 45 DEGREES OFF 5UN 
Q 106 RETRO FACE. SATELLITE TOP SIOE 


BENOIX AEROSPACE SYSTEMS DIVISION 


12S ISO 

TIME (MIN) 


tz-'i TEMPERRTURE (C) 






TEMPERATURE (C) 
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LAGEOS 


SUMMARY OF SATELLITE FLIGHT THERMAL ANALYSIS RESULTS* 


location 

RETRO #1 
FULL SUN 

RETRO #2 
45° OFF SUN 

RETRO #3 
180° OFF SUN 

jULiI 

RETRO #4 
90° OFF SUN 

average 

RETRO 

TEMPERATURE 

16. 0®C 

8. 5* C 


• 2. 5° C 

3. r 

AT AXIAL 


2. 5° C 

Z.2°C 

2. 1 0 C 


warn 

AT RADIAL 
NOTE* 1. cat pt 

1.7°C 

1 . 5 ° C 

1 . 3® C 

- 

1. 2® C 

1.4°C 


NOTE; 1. SATELLITE CORE TEMPERATURE = 54.0"C. 


z. APPROXIMATE 8* C GRADIENT ACROSS SATELLITE STRUCTURE. 
*BARE MACHINED 6061-T6 ALUMINUM SATELLITE AND RETAINER RINGS. 
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LAG EOS 


EFFECT OF RETROREFLECTOR TEMPERATURE GRADIENTS 
ON OPTICAL PERFORMANCE 


ITEM 

ISOTHERMAL OPTICAL 

THERMALLY PERTURBED OPTICAL PERFORMANCE | 

PERFORMAN 

CE 

THERMAL/OPTICAL 

ANALYSIS 


ITEK 

FFDI 

BXA'/IT EK 

THERMAL/OPTICAL 

BXA SATELLITE 
ANALYSIS 

FFDI DATA 

RETRO FACE 
TEMPERATURE 

25 . 0° C 

25 * 0° C 

2. 8* C 

3. 6° C 

-5.0” C 1 

RETRO 
AT AXIAL 

o°c 

0°C 

1.9°C 

2. 3° C 



RETRO 
AT RADIAL 

o°c 

o°c 

1 . 3® C 

1 . 4® C 


OPTICAL 

RETURN 

17. 7% 2 

12.4% 

16. 9% Z 


13.5% 


ANALYSIS: RETROREFLECTOR TEMPERATURE GRADIENTS DEGRADE OPTICAL PERFORMANCE BY 
5% FROM ISOTHERMAL RETURN. 


TEST: RETROREFLECTOR TEMPERATURE GRADIENTS IMPROVE OPTICAL PERFORMANCE BY 9% 
FROM ISOTHERMAL RETURN. 

NOTES: 1. TEST RESULTS ADJUSTED TO CORRESPOND TO 54.0°C SATELLITE CORE TEMPERATURE. 

2. CORRESPONDS TO 0° FIELD ANGLE, X /4 WAVEFRONT, AND TOLERANCED DI HEDRAL 
ANGLES (1.0", 1.5", &2.0"). ■ 
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LAGEOS 


THERMAL, DESIGN /ANAL YSIS/TEST CONCLUSIONS 

. THE PROPOSED LAGEOS MOUNTING ARRANGEMENT (TEST ITEM) PROVIDES ADEQUATE 
THERMAL CONTROL FOR THE RETROREFLECTORS. 

. CLOSE CORRELATION BETWEEN THERMAL/OPTICAL ANALYSIS AND TEST RESULTS. 

. HIGH DEGREE OF CONFIDENCE THAT PREVIOUSLY SPECIFIED THERMAL/OPTICAL 
DATA WILL BE REPRESENTATIVE OF ACTUAL LAGEOS SATELLITE ORBITAL 

performance. 
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lageos 


THERMAL DESIGN RECOMMENDATIONS 

. RETROREFLECTOR CAVITY SHOULD POSSESS A LOW (LESS THAN 5%) INFRA-RED 

EMITTANCE TO ENHANCE RADIATIVE ISOLATION. 

. RETROREFLECTOR MOUNTING RINGS SHOULD HAVE LOW THERMAL CONDUCTIVITY 
AND SHOULD PROVIDE MINIMAL OR NO CONTACT WITH THE RETROREFLECTOR TABS. 

. THERMAL COATINGS/FINISHES WHICH ARE APPLIED TO THE SATELLITE EXTERIOR 
SHOULD BE OF LOW SOLAR ABSORPTANCE (HIGH VISIBLE REFLECTANCE)^ 

PERMIT TRACKING BY GROUND STATIONS. 

. NO PARTICULAR LEVEL OF EXTERNAL IR EMITTANCE IS RECOMMENDED SINCE 
IT APPEARS TO HAVE AN INSIGNIFICANT EFFECT ON RETROREFLECTOR OPTICAL 
PERFORMANCE. 


! . • 



LAGEOS 


POTENTIAL THERMAL CONTROL COATINGS/FINISHES* FOR SATELLITE EXTERIOR SURFACES 


COATING/FINISH 

THERMAL/OPTICAL 

PROPERTIES 

(as/eir) 

ADVANTAGES 

DISADVANTAGES 

BARE, MACHINED 
6061-T6 ALUMINUM 
(CLEANED & DEGREASED) 

0.15-0-37/0.05 

■ ■ 

CLEAN SURFACE IS STABLE TO UV IRRADIATION; 
EASY TO ACHIEVE; NO MASKING OF CAVITIES 
NECESSARY. 

SOLAR ABSORPTANCE OF UNTREATED 
ALUMINUM SUBJECT TO WIDE VARIATIONS; 
SURFACE MUST BE HANDLED WITH r.Anp 

6061 -T6 ALUMINUM, 
ROUGHENED (GRIT 
BLASTED) 

0.46/0.30 

CLEANED SURFACE IS STABLE TO UV IRRADIATION; 
DOES NOT REQUIRE METICULOUS HANDLING 
TECHNIQUES. 

DIFFICULT TO APPLY UNIFORMLY; 
CAVITIES MUST BE MASKED. 

ANODIZED 6061-T6 
ALUMINUM, 0.001 INCH 
THICK (PER MIL-A-86Z5, 
TYPE II) 

0.5Z/0.86 

INITIAL OPTICAL PROPERTIES ARE SATISFACTORY; 
RELATIVE EASY TO APPLY. 

IN ONE YEAR og DEGRADES TO 0.72 IN UV 
ENVIRONMENT; CAVITIES MUST BE MASKED. 

IIT'S Z-93 

(WHITE INORGANIC 

COATING) 

0.20/0. 90 

PREVIOUSLY FLOWN ON ALSEP LRRR MISSIONS; 
STABLE, a S DEGRADES TO 0. 30 IN ONE YEAR; 
SMALL ADDITIONAL DEGRADATION IN 
SUCCESSIVE YEARS. 

DIFFICULT TO APPLY AND KEEP CLEAN, 
CAVITIES MUST BE MASKED. 

VACUUM DEPOSITED 

ALUMINUM 

(1200 A THICK) 

0.15/0.05 

NO MASKING OF CAVITIES NECESSARY; HIGH 
VISIBLE REFLECTANCE; STABLE. 

MODERATELY DIFFICULT TO APPLY; 
EXTREME HANDLING PRECAUTIONS ARE 
NECESSARY. 

VACUUM DEPOSITED 
GOLD 

0.25/0.05 ] 

NO MASKING OF CAVITIES NECESSARY; STABLE. 

MODERATELY DIFFICULT TO APPLY; 
EXTREME HANDLING PRECAUTIONS ARE 
NECESSARY. 


♦THERMAL COATINGS/FINISHES SELECTED ON THE BASIS OF COMPATIBILITY 
REFLECTANCE), AND STABILITY. 


WITH 6061-T6 ALUMINUM, LOW SOLAR ABSORPTANCE (HIGH VISIBLE 
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Aerospace 
Systems Division 


LAGEOS OPTICAL ANALYSIS/ TESTS 
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LAGEOS THERMAL/OPTICAL ANALYSIS PRESENTATION 

PURPOSE OF THERMAL/OPTICAL ANALYSIS - BENDIX 
SUMMARY OF ANALYSIS CASES /RESULTS - BENDIX 
OPTICAL ANALYSIS EFFORT - ITEK 
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LAG EOS 

PURPOSE OF THE OPTICAL ANALYSIS 


GENERATE PREDICTED OPTICAL PERFORMANCE FOR THE LAGEOS 
RETROREFLECTOR UNDER ISOTHERMAL AND VARIOUS THERMAL 
GRADIENT CONDITIONS FOR COMPARISON WITH THERMAL /OPTICAL 
TEST RESULTS AND TO PROVIDE CONFIDENCE IN THE LAGEOS 
DESIGN. 


TO DEMONSTRATE THAT OPTICAL PERFORMANCE PREDICTIONS 
CAN BE GENERATED FOR THE LAGEOS RETROREFLECTORS UNDER 
VARIOUS ORBITAL THERMAL CONDITIONS, USING AN OPTICAL 
ANALYSIS RETROREFLECTOR MODEL AND A THERMAL ANALYSIS 
SATELLITE MODEL, TO SUPPORT FUTURE LAGEOS SATELLITE 
SYSTEM OPERATIONS. 



LA GEOS 

SUMMARY OF OPTICAL ANALYSIS CASES /RESULTS 


CASE 

DESCRIPTION 


TEMPERATURE 

GRADIENT 

LASER 

FIELD 

ANGLE 

2. 1 

PERFECT; 1.5" 


ISOTHERMAL 

0* 

2. 1 

PERFECT; 1.5" 


ISOTHERMAL 

-15° 

2.2 

\/4; 1.5" 


ISOTHERMAL 

0° 

2. 2 

X/4; 1.5" 


ISOTHERMAL 

-15* 

2.4. a 

X/4; 1.0", 1.5", 

2. 0" 

ISOTHERMAL 

0° 

2 . 4. a 

X/4; 1.0", 1.5", 

2.0" 

ISOTHERMAL 

-15* 

2. 3. a. 1 

X/4; 1.5" 


ATa = 1.0*C, ATr = 0.4*C 

0* 

2. 3. a. 2 

X/4; 1.5" 


ATa = 3. 5°C, ATr = 2.0*C 

0* 

2. 3.b 

X /4; 1.5" 


ATa = 1.9*C, ATr = 1.3*C 

0* 

2. 3.b 

X/4; 1.5" 


ATa = 1. 9°C, ATr = 1. 3°C 

-15° 

2.4.b. 2 

X/4; 1.0", 1.5", 

2.0" 

ATa = 1.9°C, ATr = 1.3*C 

0* 

2. 4. b. 2 

X/4; 1.0", 1.5", 

2.0" 

ATa = 1 . 9 * C, ATr = 1. 3°C 

-15* 

2 . 5 . a 

X/4; 1.5" 


ATa = 2. 0® C, ATr = 0*C 

0° 

2 . 5 .b 

X/4; 1.5" 


ATa = 0°C, ATr = 2.0°C 

0* 


% RETURN IN 
ANNULUS (32- 
41 n RAD RADII) 

18.4 

9.6 
18.0 

8 . 8 

17.7 

8.6 

18.0 

17. 1 

17.2 
8. 3 

16.9 

8. 1 

15.9 
4. 2 


i 

w 

u» 



I 


t 



n-n. 



THERMO-OPTICAL ANALYSIS 
LAGEOS 

PREPARED UNDER 
CONTRACT TO 

BEND IX AEROSPACE SYSTEMS DIVISION 


4 SEPTEMBER 1974 






TOPICS 


• PURPOSE /OBJECTIVES 

• SUMMARY OF RESULTS 
0 ASSUMPTIONS /INPUTS 

• TECHNIQUES/MODEL 
6 OUTPUT 

0 CONCLUSIONS /FUTURE EFFORT 
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HJRroSE/QBJECTlVE.q 


analytically predict lageos optical 


PERFORMANCE/SENS ITIVI1Y 


0 MODEL INDIVIDUAL RETROREFLECTOR 

0 material 


• MANUFACTURING 

• surface quality 

• angular anomalies 
* ENVIRONMENTAL loading 



u - r I 


purpose/objectives continued 

^ FAR FIELD CHARACTERISTICS 

0 FIELD ANGLE 
# POLARIZATION EFFECTS 
0 ENCIRCLED ENERGY 
C FAR FIELD PATTERN 
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far-field characteristics 
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SUMMARY - NOMINAL CUBE CORNERS 


X ENCIRCLED ENERGY, 32 TO 42y RADIAN REGION, TYP. 
( ASSUMES 100% INPUT @ 0°) 




0^ 

-15° 

0 

1*5 ARC-SEC 

21.6 

10.8 

0 

2d ARC-SEC 

14.9 

7.3 





.SUMMARY OF SENSITIVITY RESULTS - MANUFACTURING 
(CHANGES ; IN ENCIRCLED ENERGY SHOWN ARE ACTUALS , NOT •' % J S OF X 1 • S) 


i ■'> 


SURFACE QUALITY 


ANGULAR DIFFERENTIALS 


CONSTANT £ f ERROR 


■Ir-.jpJ 

K.i J: n 




UP TO T„ 6 % CHANGES ’ • ; 

r* X /A PK-PK SMOOTH WFE/ SECTOR 


' 1 


■; 


W. UP TO 0. 4% CHANGES . ‘ • v ;;j : ;//. 

§ corner With . ± b 0 5 arc-sec Jangles : 

v.:i 






it ■ 
.;r- - 


J #• VUP. TO 8.1% CHANGES • J / 
; # 2 . 1 vs 11 . 5 ARC-SEC CORNERS 


r, -• 


* • 


-■.1 


i- - 


{...** ■ > 
.1 


•.i'.: - ; t : 




'*.1 .r 

'■'V l V 


"[‘■-I' V* ' i’iv- 

V4UM-' 










(FACE COOL, EDGE HAEM) 


^+30 C CAVITY, W/SUN, W/0 IR • UP TO 1.1% CHANGES 

• 1.9°C AT a . 1.3°C ATr 

-30 C CAVITY, W/SUN, W/O IR ® UP TO 1.1% CHANGES / 

• 1.0°C At a , 0,4°c ATR 


A ESTIMATED MAXIMUM 


• UP TO 1.0% CHANGES 

• 3.5°C AT a , 2.0°C AT r 



SUMMARY OF SENSITIVITY RESULTS - UNIT LOADS 
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ASSUMPTIONS/INPUTS 


MATERIAL 


0T-1? SUPRASIL I (SPECIAL 

fAMERSIL DATA - N(» , ^n/^T (X,T,P)-*.7 to 8.5 
0 HOMOS IL # CONSERVATIVE 



GEOMETRY 


REAL EDGE 



LASER 


o 

• 6328A, ELAT WF f CENTERED 

0 20% GAUSSIAN VARIATION OVER 50 tom DIAMETER 


x 10" 6 /°C 
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TOTAL INTERNAL REFLECTION 
LIGHT REFLECTS AND POLARIZATION STATE IS CHANGED 


^2-D, CARTOON 



, INTERFEROGRAM 












9**7 






0THKR TYPE8 OF OOTPUT 


"P/Q" AMPLITUDES & PHASES 
(NOMINAL COBB, -15°) •: ( 
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jTK KUSER SCANNER RECORDER PHOTOGRAPHS 
(PERFECT BK7 CORNER) 





39 * nr TOTAL ENERGY 




CONCLUSIONS 


all encircled energy data available for test correlation. 

RETROREFLECTOR RELATIVELY INSENSITIVE - A/4, +0.5 ARC-SEC. 
SENSITIVITY TO CONSTANT » ERROR - < 6.8% CHANGES/0.5 ARC-SEC 
3-D TEMPERATURE PROFILES EFFECT 32 - 42pRAD. U# . 

AXIAL GRADIENTS COMPENSATE HEDGE/RADIAL GRADIENTS. '' 
INDEPENDENT GRADIENT TYPES HAVE FAIRLY HIGH SENSITIVITY. 
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17 . 


RECOMMENDATIQNS-ADDITIONAL effort 
(dependent upon customer/investigator needs) 


0 TEST CORRELATION • SPECIFIC CORNER ANGLES /GEOMETRY 

0 TEST EQUIPMENT EFFECTS 

# INTERFEROMETRIC/PHOTOMETRIC INPUT 

• FIELD ANGLE/APODIZATION REFINEMENT 

♦ INCIDENT WF QUALITY 

♦ FAR FIELD INTENSITY CROSS CHECKS 
^ ALTERNATE X ’a, TREATMENT OF ARRAYS /POL. VARIATIONS ‘ 
Q "TRANSFER FUNCTION" SUPPORT 



18 . 


1*5 ARC SEC CORNER 


ENCIRCLED ENERGY IN THE 
32-42 MICRORADIAN RANGE 


% 

ENERGY 32-42y .RAD 
ON AXIS 

FULL 

NOMINAL CUBE 

21.6 

10.8 

NOMINAL CUBE 
+1/4 

21.2 

9.8 

nominal CUBE 
+1/4 +30® C CAVITY 

20.4 

9.4 

NOMINAL CUBE 

+1/4 +(-)30°C CAVITY 

21.1 


NOMINAL CUBE 
+1/4 + EST. MAX. 

20.2 


OFF NOMINAL CUBE 
+1/4 

20.8 

9.8 

OFF NOMINAL CUBE 
+1/4 + 30 °C CAVITY 

20.0 

9.2 

NOMINAL CUBE 
+1/4 + AXIAL GRAD. 

18.0 


NOMINAL CUBE 
+1/4 + RADIAL GRAD. 

5.1 



i 
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19 . 



nominal cube 

14.9 


7.3 

NOMINAL CUBE 
+X/4 

13.3 


6.9 

NOMINAL CUBE 
+X/4 + 3G*C CAVITY 

12,3 


6.2 

NOMINAL CUBE 

+X/4 + C-)30°C CAVITY 

14.4 



NOMINAL CUBE 
+X/4 + EST. MAX. 

13.8 



OFF NOMINAL CUBE 
+X/4 

13.6 


6.9 

OFF NOMINAL CUBE 
+X/4 +30°C CAVITY 

12.5 


6.2 

NOMINAL CUBE 
+X/4 + AXIAL GRAD. 

19.8 




NOMINAL CUBE 
+X/4 + RADIAL GRAD. 


1.2 


LAG EOS 


THERMAL /OPTICAL TESTS 
PURPOSE OF THERMAL/OPTICAL TESTS 
SUMMARY OF TEST RESULTS 
SUMMARY OF TEST CONDITIONS 
DESCRIPTION - TEST SET-UP 
TEST ARTICLE DESIGN 
FAR -FIELD DIFFRACTION INSTRUMENT 
TEST FIXTURES 
DETAIL TEST RESULTS 
CONCLUSIONS & RECOMMENDATIONS 
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EXPERI M EN TA LL y DETERMINE THE THERMAL/OPTICAL 

° F T " E “° EOS RETROREFLECTOR/ 


UNDER ORBITAL WORST -CASE THERMAL/ 
VACUUM CONDITIONS 


AFTER EXPOSURE TO SATELLITE VIBRATION 
QUALIFICATION LEVELS 


t- 



LAGEOS 


THERMAL/OPTICAL TEST RESULTS SUMMARY 

^ X /^n U t> M ^ GRADATI ° N ° UE T ° W/C THERMAL CONDITIONS IS 
35% (FOR RETROREFLECTOR E AT a = 0 AND NO SUN - NO IR AT 
+30C CAVITY CORE TEMPERATURE) 

NO SIGNIFICANT DEGRADATION DUE TO VIBRATION EXPOSURE 

BASIC RELATIVE ANNULAR-TO-FULL FIELD RETURN AT ISOTHFriuat 
AMBIENT, VARIES FROM 6-12%, BETWEEN DIFFERENT RETROREFLFrTnpc 
AT DIFFERENT ORIENTATIONS (RELATIVE TO LASER llNrlu 
ORIENTATION), AND FOR NORMAL LASER INCIDENT ANGLE. 




. 

LAGEOS 

' 




SUMMARY OF THERMAL/OPTICAL TEST CONDITIONS 








NO. OF 

RETROREFLECTOR 

TEST ARTICLE 

TEST 

TEST 

POST 

LASER 

INCIDENT 

ORIENTATION 

TEMP. 

DESCRIPTION 

NO. 

VIB 

ANGLES* 

0 A = 0 

AMBIENT 

ISOTHERMAL -AMBIENT 

1 


8 

9 = 90 



15 


3 

e = 80 



16 


8 



24 

X 

15 

ISOTHERMAL -VACUUM 

2 


15 


17 


15 


18 


15 


-30C 

thermal/vacuum 

NO SUN-NO IR 
NO SUN-1 EARTH IR 
1 SUN-NO IR 

7 
9 

8 

15 

8 

8 

+30C 

NO SUN-NO IR 

3 

15 

THE RMAL / VA C UUM 

NO SUN-1 EARTH IR 

6 

8 


1 SUN-NO IR 

4 

8 

+60C 

THERMAL /VACUUM 

NO SUN-NO IR 

5 

15 (8) 


O' 


LAG EOS 


summary, of thermal /optical test conditions 


RETROREFLECTOR 

ORIENTATION 


e D =60 

0 E = 40 
0 F ~ 20 


o D " 60 
= 100 

<£ = ■20 


TEST ARTICLE 
TEMP. 


AMBIENT 


-30C 


TEST 

DESCRIPTION 

IS OT HE RM AL - AMBIENT 
ISOTHERMAL-VACUUM 


TH ERMAL /VACUUM 

t A ' “ — ■ 


NO SUN-NO IR 


TEST 

NO.. 


10 

11 


POST 

VIB 


19 


+30C NO SUN- NO IR 

THERMAL /VAntHTM R 

ambient isothermal-ambient 

ISOTHERMAL- VAC UUM 
NO SUN-NO IR 


-30C 

THERMAL /VACUU M 
+30 C - 

THERMAL /VAC UUM 
+60C 

THERMAL /VAC UUM 



X 

X 

X 


21 


NO SUN-NO IR 


*NO. OF LASER ANGLES: 


8 (A, D: a = +30, +15, -30) 

B, E: a = +15, 0 

C, F; a - 0 

15 (A, B, C ff = +30, +15, 0, -15 -30) 

D, E, F * 


NO. OF 

laser 

INCIDENT 

ANGLES* 


8 


15 


15 

15 

15 ( 8 ) 


15 



NOTE: 

( ) ORIGINAL PLAN 
TEST NO. > 14 ARE ADDED 
ABOVE ORIGINAL PLAN 
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Viewed from Laser 
Optical Window 


Viewed from Solar 
Simulator 


SOLAR AND LASER FIELD ANGLES AND RETROREFLECTOR ORIENTATION 
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<2> THERMOCOUPLE LOCATION 
20 POWER CIRCUIT 
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I 

I 

I 

I 

I 

I 

I 

I 

I 



LAG EOS 

Data Acquisition System, 
Power Panel and Test Fixture 
Manipulator 
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«m mm mm mm mm mm mm mi 
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DESIGN PARAMETERS REPRESENTED IN TEST ARTICLE 


DIRECTLY REPRESENTED: 

RETROREFLECTOR MOUNT DESIGN 
CAVITY DESIGN 

RETROREFLECTOR RECESSION (l MM) 

RETROREFLECTOR DESIGN 

MOUNT RETAINER RING SURFACE FINISH (BARE, MACHINED ALUMINUM) 
CAVITY INSIDE SURFACE FINISH (BARE, MACHINED ALUMINUM) 

SOLAR HEATING OF RETROREFLECTOR AND MOUNT 
EARTH IR HEATING OF RETROREFLECTOR AND MOUNT 

INDIRECTLY REPRESENTED: 

SATELLITE SPHERICAL SHAPE 
CAVITY PATTERN 

SATELLITE OUTSIDE SURFACE FINISH 

BY PROVIDING RESULTING CAVITY CORE TEMPERATURE 
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TEST ARTICLE DESIGN 


PROVIDE, DIRECTLY, DESIGN PARAMETERS WHICH AFFECT RETROREFLECTOR 
THERMAL/OPTICAL PERFORMANCE. LECTOR 

PROVIDE MOUNTING FOR SIX (6) LAGEOS RETROREFLECTORS. 

PROVIDE 3 X 2 PATTERN. 

SPACING ' 060 MINIMUM SPACING T ° REPRESENT SATELLITE MINIMUM 

PROVIDE TIE-DOWN HOLES FOR MOUNTING. 

FABRICATED FROM SAME MATERIAL AS SATELLITE. 

f™r L ^s were d1?gned EARLY BASELINE; NO CHANGES after test 

ORlL°TATIONS ADED HOLES IN CAVITIES TO PROVIDE FOR RETROREFLECTOR 
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LAGEOS 


retroreflector/ring mount assembly 



Max. Ksajg Assy stack- o/> 
s , 3 se 



scxe iv (/HS3SZOZ-8) 

= -S' -.os/ = .5^3 

'/!*//✓. Ca/<SA <S£AiS*/ T iv/r# 

7~AXAxa Ho<.e /-v C^fV/ry 

= - /tftf" 


7 "A 8 CLSAKx^ee ("c") 

/ £S ^ AtCA * . 002 . — £> 















1 ■ T^A'nrnc 


Ij;E R; -iRI NG : ;-;^ £ •', r " y ' 7. L : 


. . -*-.000 

; ■ _ -.002 ’ 7 

/-“ .156 DIA X 82° I 

CS1MK WHOLES ! 

EQUALLY SPACED ; 
ON 1.600 -.002 D1AB.C. 






1.86 

DIA 



r— .038 £.002 


f 
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oo 

eo.^o 

* 4 - 

CO 

6.0-50 
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TEST FIXTURE SUMMARY 


THERMAL/OPTICAL TEST FIXTURE 
OPTICAL WINDOW AND SHIELD ASSEMBLY 

FAR -FIELD DIFFRACTION INSTRUMENT (DEVELOPED AS BxA CAPTIAL EQUIP. ) 
FAR-FIELD DIFFRACTION INSTRUMENT SUPPORT PLATE 
THERMOCOUPLE FIXTURE 



fl- 



LAG EOS 

THERMAL/OPTICAL TEST FIXTURE 





L-77 



LAG EOS 

THERMOCOUPLE FIXTURE 







lag EOS 


THERMOCOUPLE fixture 

ASSEMBLED ON TEST FIXTUR 
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12 13 



©o© 

fi\ /T\ 

J ' \ J THERMOCOUPLE’ LOCATIONS 1 

TEST ARTICLE PANEL 
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FFDI PERFORMANCE REQUIREMENTS 


GENERAL 


• OPERATE AS THERMAL/VACUUM/OPTICAL TEST INSTRUMENT 
OPERATE AS RETROREFLECTOR INSPECTION INSTRUMENT 

OPTICAL 

• WAVELENGTH - 6328A 

BEAM DIAMETER - 50 MILLIMETERS OR GREATER 
BEAM UNIFORMITY - LESS THAN 20 PERCENT VARIATION 

• WAVEFRONT QUALITY - BETTER THAN X/lO 
POLARIZATION - LINEAR OR CIRCULAR 

MEASUREMENT OUTPUTS 

• view screen 

‘ POLAROID CAMERA 

• PHOTOMETRIC MEASUREMENTS - REEAT, VE ENERGY , K PAR FIELD TO , I p E r CE n 

TOTAL ENERGY IN PATTERN ERCEN 

ENERGY IN SELECTED ANNULUS 





L-82 


LAGEOS 


FFDI MEASUREMENTS OUTPUT 


VISUAL 


VIEW SCREEN PROVIDES FAR-FIELD DIFFRACTION 
OF VIEW IS 75 ARC SEC 


PATTERN DISPLAY; FIELD 


PHOTOGRAPHIC - POLAROID CAMERA PROVIDES PHOTOGRAPH OF THE FAR-FIELD 

DIFFRACTION PATTERN: EXPOSURE VARIABLE FROM 1 /4 TO 1/500 SEC 


PHOTOMETRIC - DIGITAL DISPLAY (SELECTED) 

- INCIDENT LIGHT MONITOR 

RETURN LIGHT (IN FAR-FIELD) MEASUREMENT 

- RATIO OF MEASUREMENT-TO-MONITOR 
SENSITIVITY SELECTOR 

- XI 

- X10 

MASK HOLDER 

ANNULUS - 13.2 TO 16.9 ARC SEC DIAMETERS 
FULL FIELD - 107.5 ARC SEC DIAMETER 
, HALF ANNULUS - 15.2 TO 16.9 ARC SEC DIAMETERS 


POLARIZATION SELECTION - LINEAR OR CIRCULAR 

ANGULAR ORIENTATION OF LINEAR POLARIZATION 





LAGEOS 


OPTICAL TEST DATA REDUCTION 


DIGITAL DISPLAY: 


RECORDED DATA: 


LASER - INCIDENT LIGHT MONITOR 

FFDP - RETURN LIGHT (INF AR- FIELD) MEASUREMENT 

FFDP/LASER - RETURN RATIO (INDEPENDENT OF LASER OUTPUT 


VARIATIONS) 


ARC “c S.SK SSa U LLM SK 


REDUCED DATA; 

PERFORMANCE RATIO = ANNULAR RETURN-TO-FULL FIELD RATIO = (RATIO-ANNULAR RETURNS @g - 

(RATIO-FULL FIELD RETURN) (n> « = 0 


^PERFOR MANCE RATIO) @ C AVITY TEMPERATURE 
(PERFORMANCE RATIO) M ISOTHERMAL-VACUUM = 


(RATIO-ANNULUS) @ CAVITY TEMPE RATURE 
(RATIO- ANNULUS) <S> ISOTHERMAL-VACUUM 


(RATIO-ANNULAR RETURN' ® „ 1 

. (RATIO-FULL F IELD RETURN) * 0 & CA VITY TEM. 

■_(RATIO-ANNULAR RETURN) (5) a ' ~ — 

. (RATIO-FULL FIELD RETURN) (5) a = 0 J@ IS °- VACUUM 

[(RAT IQ- AN NULAR RETURN) @ g } (p) C AVITY TEMP 
[(RATIO-ANNULAR RETURN) @ j (o> ISO- VACUUM " 


FOR COMPARISON WITH OPTICAL ANALYSIS RESULTS: 


RELATIVE ANNULAR RETURN = 


(RATIO-ANNULAR RETU RN) @ a 1 
(RATIO-FULL FIELD RETURN) <S> CAVITY TEMP. 
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LAGEOS 


FFDI SCALE FACTOR DETERMINATION 
CALIBRATION RETROREFLECTOR 


- FABRICATED TO PROVIDE A FAR-FIELD DIFFRACTION 
PATTERN CONSISTING OF TWO SPOTS SEPARATED BY 
11.1 ARC SEC. (BACK FACES ARE SILVERED) 

- SEPARATION DETERMINED INDEPENDENTLY BY 
TWYMAN-GREEN INTERFEROGRAM 

- BASED ON PHOTOGRAPHIC MEASUREMENT, SCALE 
FACTOR IS 1.47 ARC SEC/MM 

ALTERNATE METHOD 

- MEASURE DIAMETER OF FIRST DARK RING OF AIRY 
PATTERN FOR MASTER 90° RETROREFLECTOR AND 
AN APERTURE, OF A KNOWN DIAMETER, IN THE 
LASER BEAM 

- ANGULAR DIAMETER <|> = 2.44 \ /D RADIANS 

where X. = 632. 8 NM ' 

D = APERTURE DIAMETER 



PHOTO: 118 
EXPOSURE: 1/500 SEC 
TEST NO. 18 
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LAGEOS RETROREFLECTOR 




CHARACTERISTICS 


TEST 






LOCATION 

A 

B 

C 

D 

1 

SERIAL NO. 

3 

5 

6 

1 

4 

WAVEFRONT 



v 



DEVIATION 






SECTOR 1 

0. 15 X 

o. io X 

o. 10 X 

0. 20 X 

0. 20 

2 

0. 15 

0. 20 

0. 12 

0. 15 

0. 10 

3 

0. 10 

0. 10 

0. 10 

0. 10 

0. 20 

4 

0. 10 

0. 10 

0. 10 

0. 12 

0, 15 

5 

0. 10 

0. 10 

0. 10 

0. 10 

0. 15 

6 

0. 10 

0. 10 

0. 15 

0. 15 

0. 20 

DIHEDRAL* 






ANGLES (ARC 

SEC) 





R 1 - R 2 

1.81 

2. 07 

1.30 

2. 00 

2. 00 

R 2 * R 3 

1. 08 

1. 90 

1. 00 

0. 92 

1.60 

R 3 ~ R 1 

1.42 

1. 80 

1. 16 

1. 24 

1. 57 

DIAMETER OF 






ANNULUS 






EENTROTD (ARE SEC)** 






17.6 

23. 5 

18. 4 

22.0 

20. 6 

*90* + Angle 

Tabulated 






--Based on Far-Field Pattern Photograph Measurement 


F 

2 

0. 20 X 

0. 15 
0. 17 
O’. 20 
0. 10 
0. 20 


2. 05 
1. 54 
1. 83 


19. 8 



98 -t: 


retroreflector optical 
AT ISOTHERMAL-AMBIENT 


PERFORMANCE 

CONDITIONS 


ANNULAR RETURN- TO-FTTT t c^tipt tp ti 

1U 1 ULL FIELD return* ratio 


TEST 








LOCATION 

A 

B 

C 

D 

E 

E 

F 

ORIENTATION 








) -DEGREES 

0 

90 

80 

60 

40 

100 

20 

+30 

LASER 

. 002* ** 

. 002 

. 007 

. 017** 

X 

.003 

.001 

INCIDENT +15 

. 056** 

. 030** 

rt £7 





angle 




. 038** 

. 050 

. 054** 

. 031 

0 

(«X ) - DEGREES 

. 1 1 8** 

• 060** 

. 117** 

. 098** 

. 106 

. 102** 

. 084** 

- 15 

. 052** 

.032 

. 070 

. 038** 

X 

.046 

. 044 

-30 

. 026** 

. 004 

. 004 

. 002** 

X 

. 007 

. 007 


* full FIELD return = MEASURED VALUE AT=<=0 

** avg. values, two tests 
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PHOTOGRAPHIC RESULTS 


ISOTHERMAL- VACUUM (TEST NO. 17) 


LASER INCIDENT ANGLE 



RETROREFLECTOR A RETROREFLECTOR B RETROREFLECTOR C 

RATIO ANNULAR = RATIO ANNULAR _ RATIO ANNULAR 

RATIO FULL FIELD " * RATIO FULL FIELD ~ ‘ 067 RATIO FULL FIELD “ * 127 
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PHOTOGRAPHIC RESULTS 


NO SUN - NO IR (TEST NO. 3) 
+30° C CAVITY CORE TEMPERATURE 





a = -30° 

EXPOSURE: 1/30 SEC 


a = -15- 

EXPOSURE: 1/250 SEC 


a = 0 * 

EXPOSURE: 1/250 SEC 


a = +15' 

EXPOSURE: 1/250 SEC 


a = +30* 

EXPOSURE: 1/250 SEC 


RATIO ANNULAR 
(RATIO FULL FIELD) 


RATIO ANNULAR . 
(RATIO FULL FIELD) 


RATIO ANNULAR 
060 (RATIO FULL FIELD) - ' 


092 


RATIO ANNULAR _ 
(RATIO FULL FIELD) ' 


RATIO ANNULAR 
RATIO FULL FIELD) 


LASER INCIDENT ANGLE = a 


t- 


C 
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LAGEOS 


RELATIVE EFFECT OF THERMAL/VACUUM CONDITIONS ON OPTICAL PERFORMANCE 


PERFORMANCE RATIO @ CAVITY TEMPERATURE 
PERFORMANCE RATIO @ ISOTHERMAL- VACUUM 


T/V CONDITION 

1 SUN 

- NO IR 




I NO SUN - 

1 IR 




CAVITY 

CORE 

TEMPERATURE 

-30C 


+30C 



-30C 



+30C 



RETROREFLECTOR 

LOCATION 

A 

B C 

A 

B 

C 

A 

B 

c 

A 

B 

c 

LASER +30 

INCIDENT 

1.33 

X X 

• 

o 

o 

X 

X 

1.0 

X 

X 

1.33 

X 

X 

ANGLE ‘ f15 

1.02 

1.34 X 

1.07 

1.16 

X 

.95 

1.06 

X 

1.25 

1.25 

X 

(of)-DEGREES 0 

1.02 

1.21 1.02 

1.09 

.90 

.94 

.95 

1.03 

1. 02 

1. 08 

1.05 

.96 

-15 

1.15 

X X 

1.24 

X 

X 

.98 

X 

X 

1.28 

X 

X 

“30 

1.12 

X X 

1.15 

X 

X 

.92 

X 

X 

1.23 

X 

X 
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LAGEOS 

COMPARISON -THERMAL/OPTICAL ANALYSIS AND TEST RESULTS 


RETROREFLECTOR 

DIHEDRAL ANGLES 
(ARC SEC) 

WAVE FRONT DEVIATION 
OF EACH SECTOR 

DIAMETER OF FFDP 
CENTROID (ARC SEC) 

DATA ANNULUS DIAMETERS 
(ARC SEC) 

ISOT HERMAL - VAC UUM 
ANNULAR RETURN 
FULL FIELD RETURN 

THERMAL -VACUUM 
ANNULAR RETURN 
FULL FIELD RETURN 

AT AXIAL (*C) 

AT RADIAL ( a C) 

CAVITY CORE 
TEMPERATURE 


THERMAL/OPTICAL 

THERMAL/OPTICAL 

ANALYSIS 

TEST 

MATH MODEL 

A (SERIAL NO. 3) 

1 * Oj 1 . 5, 2*0 

1.81, 1.08, 1.42 

. 25 X 

0.15X, 0.15X, 0.10X 
0.10X, 0.10X, 0.10X 

16.5 

17.6 

13.2 - 16.9 

13.2 - 16.9 

.177 (a = 0) 

• 124 ct - 0 

.086 (a = -15 * 

.084 a = -15° 

. 169 (or = 0) 

.135 (<* = 0) 

.081 {a = -15°) 

. 102 ( a - -15°) 

1.9 

* 

1.3 

* 

+30* C 

+30° C (1 SUN-NO IR) 


*DATA UNKNOWN 
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LAGEOS 


VIBRATION EFFECTS ON OPTICAL PERFORMANCE 
(ISOTHERMAL VACUUM) 


RETROREFLECTOR 

LOCATION 


CONDITION 

PRE-VIB. 

POST-VIB, 

PRE-VIB. 

POST- 


+30 

.023 

.023 

.002 

.002 

LASER 

+15 

.039 

. 044 

. 036 

.037 

INCIDENT 






ANGLE 

0 

.088 

.089 

. 088 

.082 

(<*) - DEGREES 







-15 

.038 

.036 

.044 

.044 


-30 

.002 

. 002 

.006 

.007 
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LAGEOS 


VIBRATION EFFECTS ON OPTICAL PERFORMANCE 
(NO SUN-NO IR, -30°C) 


RETROREFLECTOR 

LOCATION D 

F 


CONDITIO 

N 

PRE-VDB. 

POST-VIB. 

PRE-VIB. 

POST-VIB 


+30 

. 020 

.020 

.002 

. 002 

LASER 

+ 15 

.033 

.033 

.033 

.033 

INCIDENT 






ANGLE 

0 

.075 

.082 

.077 

.083 

(«*) - DEGREES 







-15 

. 036 

.032 

.039 

.036 


-30 

.002 

.002 

.006 

.006 
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LAGEOS 


VIBRATION EFFECTS ON OPTICAL PERFORMANCE 
{NO SUN-NO IR, +30°C) 

RETROREFLECTOR 


LOCATION 

D 



F 

CONDITIO 

>N 

PRE-VIB. 

POST-VIB. 

PRE-VIB. 

POST-VIB 


+30 

.021 

. 020 

.002 

. 001 

LASER 

INCIDENT 

ANGLE 

+ 15 

*.035 

.032 

. 035 

. 030 

(«*0 - DEGREES 

0 

. 074 

. 067 

. 081 

. 070 


-15 

. 036 

.030 

. 043 

.036 


-30 

. 002 

.002 

. 006 

. 004 
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LAGEOS 


CONCLUSIONS AND RECOMMENDATIONS 


CONCLUSIONS! 


BASED ON THE THERMAL/OPTICAL TEST RESULTS, THE LAGEOS DESIGN 
AS REFLECTED IN THE LAGEOS TEST ARTICLE DESIGN, WILL MEET THe' 
REQUIREMENT FOR LESS-THAN-50 PERCENT OPTICAL PERFORMANCE 
DEGRADATION, FROM ISOTHERMAL PERFORMANCE, UNDER ORBITAL 
WORST -CASE THERMAL CONDITIONS. 


- NO SIGNIFICANT OPTICAL PERFORMANCE CHANGES RESULT FROM 
EXPOSURE OF THE LAGEOS RETROREFLECTOR/MOUNT DESIGN AS 
REFLECTED IN THE LAGEOS TEST ARTICLE DESIGN, TO THE LAGEOS 
SATELLITE LAUNCH/BOOST VIBRATION ENVIRONMENT. 


- RELATIVELY LARGE OPTICAL PERFORMANCE DIFFERENCES BETWEEN 
RETROREFLECTORS, FABRICATED TO THE PRESENT SPECIFICATION 
ARE INDICATED BY THE TEST RESULTS. 


RE COMMEN DA TION S : 


MODIFY THE NASA -MS FC MOUNTING HARDWARE DRAWINGS TO REFLECT 
THE LAGEOS TEST ARTICLE MOUNTING HARDWARE DESIGN. ~ 


- CONSIDER RETROREFLECTOR SPECIFICATION CHANGES IF LAGEOS SYSTEM 
EVALUATION BY SAO INDICATES THAT MORE UNIFORM PERFORMANCE IS 
REQUIRED. 


CONSIDER ADDITIONAL THERMAL/OPTICAL ANALYSIS AND/OR TESTS TO 
SUPPORT DATA REQUIREMENTS FOR LAGEOS SYSTEM ANALYSIS. 
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Aerospace 
Systems Division 


LAG EOS 

DYNAMIC ENVIRONMENTS 
& 

VIBRATION TEST RESULTS 

. ACOUSTICS 
. SINUSOIDAL VIBRATION 
. RANDOM VIBRATION 


TOT “1 


ACOUSTIC ENVIRONMENT 


Frequency Range (Ha) 

Pressure 
Level <DB) 

Pressure 

(PSX) 

Peak 

Acceleration 

(g’a) 

37. 5 

- 75 

130 

0. 0090 

0.24 

75 

- 150 

135 

0.0164 : 

0. 45 

150 

- 300 

138 

0. 0231 

0. 64 

300 

- 600 

140 

0. 0290 

0, 80 

600 

- 1200 

141 

0. 0328 

0.91 

1200 

- 2400 

138 

0. 0231 

0.64 

2400 

- 4800 

134 

0. 0145 

0.40 

4800 

- 9600 

131 

0.0103 

0. 29 


(re: 0. 0002 dynes/cm 2 = 2.9 x 10~^ p 8 i) 
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PURPOSE OF THE VIBRATION TESTS 

TO SUBJECT THE LAGEOS TEST ARTICLE TO THE LAGEOS 
SATELLITE QUALIFICATION-LEVEL VIBRATION ENVIRONMENT. 

- TO DETERMINE EFFECT, IF ANY, ON THERMAL/OPTICAL 
PERFORMANCE. 

- TO VERIFY DESIGN STRUCTURAL INTEGRITY. 


tf 

i 





LAG EOS 

SINUSOIDAL VIBRATION 



5-12 Hz 0. 3 In. dbl. ampl 

12-16 2. 3 g-peak 


16-22 6. 8 

22-200 2. 3 

200-2000 5. 0 




*ovw Spectral Density - g 2 /cpt 
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VIBRATION TEST SEQUENCE 


1. Z-AXIS 

2. Y-AXIS 

3. Y-AXIS 

4. Z-AXIS 

5. X-AXIS 

6. X-AXIS 


SINUSOIDAL 

SINUSOIDAL 

RANDOM 

RANDOM 

SINUSOIDAL 

RANDOM 




i 



LAG EOS 


Test Article on Vibration 
Fixture 




I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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TEST DISCREPANC IES 


TDR No. 

DISCREPANCY 

RESOLUTION 


4009 

POSSIBLE FRACTURE ON "C" RETROREFLECTOR 

MARK ON RETROREFLECTOR COULD NOT HAVE 
RESULTED FROM VIBRATION. 

INSPECTION, UNDER A MICROSCOPE, INDICATES 
MARK IS A CHIP, GENERATED DURING FABRICATION, 
WHICH HAD BEEN "STONED” TO PROHIBIT PROGRESSION 
THE "STONED" TEXTURE OF THE SURFACE COULD NOT 
HAVE BEEN CAUSED BY CONTACT WITH THE KEL-F 
MOUNTING RING. 
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SCREW TORQUE VALUES 

PRIOR TO VIBRATION ALL SS SCREWS WERE REPLACED WITH 
ALUMINUM SCREWS. 

. ALL 18 SS SCREWS RETAINED INITIAL TORQUE (2. 2 + 0. 3 IN. LB. ) 
THRU-OUT PRE- VIBRATION THERMAL -VACUUM TESTS. 

. THE RETRO "C" ALUMINUM SCREWS RETAINED INITIAL TORQUE 
f 1, 4 . 0 ’ z IN. LB. ) THRU-OUT VIBRATION. 

. AFTER POST -VIBRATION THERMAL-VACUUM TEST THREE ALUMINUM 
SCREWS WERE FOUND TO HAVE RETAINED LESS THAN THE INITIAL 
TORQUE VALUE: 


RETRO 

"C" 

0. 8 IN. LB. 



0. 9 IN. LB. 

RETRO 

"B" 

0.9 IN. LB. 



LAGEOS 


POST -TEST TORQUE VERIFICATION 

ORIGINAL TORQUE = 1. 4 IN. LB. + °* ° 

-0Q.2 

CHANGES SHOWN BELOW; ALL OTHERS REMAINED AT 1. 4 IN. LB. 


CONCLUSIONS 


ACOUSTIC ENVIRONMENT IS NEGLIGIBLE. 

THE LAGEOS TEST ARTICLE ENDURED THE SPECIFIED 
VIBRATION ENVIRONMENT (I» E. , LAUNCH LOADS) WITH- 
OUT DAMAGE TO COMPONENTS, WITH NO OPTICAL 
DEGRADATION OF THE RETROS, AND WITH NO SIGNIFICANT 
LOOSENING OF RETAINING SCREWS. 
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RETROREFLECTOR C 
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Internal 

Memorandum 


APPENDIX M 



AmoTTfl 
Systems Division 


Date 28 May 1974 Utter No. 74- LAG EOS- 22 

To J, Brueger 
From J- Maszatics 

Subject LAG EOS Acoustic Environment 


Ref: Internal Memorandum No. LAGEOS-18 "LAG EOS Program 

Review Minutes ”, 30 April 1974 


Ann Arbor, Michi$j®n 


Introduction 


As a result of the LAG EOS Program Review,Bendix was assigned an 
action item (no. 4. 16 of referenced memo) which states, "Provide 
rational for not including exposure to the LAG EOS acoustic environment 
in the vibration test. " The following is intended to close-out this action 
item. 


Summary 


Since the LAG EOS design does not incorporate low mass-to-area ratio 
components, it will be insensitive to the specified acoustic environment. 
By comparison the specified vibration environment will be an order of 
magnitude more severe than acoustics. 


Analysis 

The peak acceleration (g's) over a given acoustic frequency bandwidth is, 

G = P 

g (m/A) 

where "p" is the acoustic pressure (psi), "g" is the acceleration of gravity 
(386.4 in/sec ?), "m" is the COR mass (lb sec 2 /in), and "A" is the CCR top 
face area (in z ). The acoustic pressure is calculated from the referenced 
pressure <0*0002 dynes /cm^ or 2. 9 x.IQT- 9 psi) usings the relatio nshi p. 


p = (2v9 x 10" 9 ) 10 db/2 ° 


where "db" is the specified acoustic level. 
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74-LAG EOS-22 
28 May 1974 
Page 2 

Table 1 lists the specified LAG EOS acoustic environment, the 
corresponding pressure levels, and the calculated peak acceleration for the 
hex CCR» The following parameter vafeies were used with the above 
equation to calculate accelerations: 

mg = 0. 07 lb 

A = 1.94 in 2 

The sinusoidal environment from 37. 5 to 100 Hz is 2.3 g-peak compared 
to a m a xim um of 0. 45 g-peak due to acoustics. The random vi bra tion from 
20 - 2000 Hz provides 9. 8 g-rms, while over the same frequency range 
acoustics generate only a maximum of 0.91 g-peak. Obviously sinusoidal 
and random vibration are the dominant loading conditions up to 2000 Hz* 

At 2000 Hz acoustic excitation will generate 0. 40 g-peak which 
corresponds to a displacement of only 0*00000098 in. At higher frequencies 
the displacement will be even less* Even if system resonances occur 
above 2000 Hz, it is of no concern since transmissibility levels could not 
possibly be high enough to result in excessive response values. 

Conclusion 


The acoustic environment is less than lg across the entire frequency 
spectrum. The specified sinusoidal and random vibration levels are 
much more severe (6.8 g and 9.8 g-rms, respectively). Hence, acoustics 
are insignificant compared to vibration and may be deleted from the test 
plan. 



\ 


\ 
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cc: L. Lewis 

E. Granholm 
J. McNaughton 
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Table 1 


LAG EOS Acoustic Environment 


Peak 


Frequency Range (Hz) 

Pressure 
Level (DB) 

Pressure 

(PSi) 

Acceleration 

(g's) 

37. 5-75 

130 

0.0090 

0. 24 

75 - 150 

135 

0.0164 

0. 45 

150 - 300 

138 

0.0231 

0.64 

300 - 600 

140 

0. 0290 

0. 80 

600 - 1200 

141 

0. 0328 

0. 91 

1200 - 2400 

138 

0. 0231 

0. 64 

2400 - 4800 

134 

0. 0145 

0. 40 

4800 - 9600 

131 

0. 0103 

0.29 


(re: 0. 0002 dynes/cm^ = 2. 9 x 10"^ pai) 
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Memorandum 


APPENDIX N 


Aerospace 
Systems Division 


Data 3 June 1974 Letter No. LAGEOS 25 Ann Arbor. Michigan 

To J. Brueger 

From J. Maszatics 

Subject LAGEOS Circular Face CCR Dynamic Environment 


References; (1) “LR^ Array For EASEP" ADL report to Bendix, 

30 June 1969. 

(2) “Structural Analysis of a Typical Single Retro* 

Reflector" ADL report to Bendix, 11 December 1970. 


(3) “Vibration Tests of Single Retro -Reflector As- 
semblies", ADL report to Bendix, 31 December 1970. 

(4) Internal Memorandum No. LAGEOS-18, "LAGEOS 
Program Review Minutes", 30 April 1974. 


Introduction 

As a result of the LAGEOS Program Review, Bendix was assigned an 
action item (No. 4.15 of ref. 4) which states: “Provide rationale from 
ALSEP analysis/test data, for confidence in the structural integrity 
of the circular -faced retror eflector and its ring mount in the LAGEOS 
application. " The following is intended to close-out this action item. 


Summary 


Structural analysis and vibration testing of the ALSEP CCR indicates 
that the LAGEOS dynamic environment will not subject the circular 
face CCR's to excessive stress levels. 


Discussion 

The vibration tests conducted during the Apollo 11 LR 3 program are 
discussed in Reference 1. Sinusoidal and random vibration tests using 
a fused- silica CCR were conducted without damage nor optical degra- 
dation. 


3 June 1974 


Page 2 


Sinusoidal sweep tests were conducted in three mutually perpen- 
dicular directions from 5 to 25 00 Hz at 40 g-peak input level. 
Maximum sinusoidal input to the LAGEOS CCR mounting hardware 
is 6.8 g-peak. 

Three axes random testing was performed at 16. 1 g-rms input to 
the LiR array. Resulting response levels varied from 23 to 65 

g-rms. LAGEOS random input to the CCR mount has been specified 
at 9.8 g-rms. 

Assuming the LAGEOS mounting system does not appreciably amplify 
the dynamic levels to the CCR, it is valid to compare LAGEOS with 
LR . Such a comparison indicates that the LAGEOS CCR environ- 
ment is less severe than the LR 3 test levels. 

As^a result of structural analysis, reference 2 states that the fused 
silica CCR with circular face and tabs is capable of withstanding a 
static load of 2900 g's without exceeding the material yield stress. 

Neither LR test nor LAGEOS specification environments exceed this 
value. 

Reference 3 presents the vibration test results for the Apollo 15 LR3 
program. A fused- silica CCR was subjected to sinusoidal dwell at 
100 and 300 Hz without damage. At 100 Hz an input level of 170 g-peak 
was applied for three minutes per axis. Response levels from 400 to 
600 g were recorded. At 300 :Hz an input level of 90 g-peak was ap- 
plied for 1.5 minutes per axis. * 

Conclusion 

The ALSEP (Apollo 11 and 15) LR 3 vibration test levels were con- 
siderably more severe than the specified LAGEOS environments. In 
addition,structural analysis of a fused-silica, circular faced, three- 
tab CCR show it to be capable of sustaining load conditions which are 
much higher than those imposed by ALSEP environments. 
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Assuming that the LAGEOS CCR mounting system is dynamically 
similar to the LR 3 mounting system, it qan be stated that OCRs 
will survive LAGEOS vibration tests without damage, since they 
have already demonstrated the ability to survive the more severe 
ALSEP environments. 

Structural analysis of a fused* silica CCR, conducted during the 
LR program, has shown a capability to withstand a static load of 
2900 g. Hence, any CCR mounting mechanism that prevents im- 
pact with the cavity wall should be sufficient. 

The present design utilizes a pair of KEL-F mounting rings which 
protect the CCR tabs from direct contact with the cavity wall. 
Hence, the LAGEOS dynamic environment should not damage nor 
impair the optical performance of the CCRs. 



cc: E. Granholm 
L. Lewis 
J. McNaughton 
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APPENDIX P 


Optical Analysis Cases 


Case 

N:l. 

Retroreflector 
Dihedral Angle 

Emerging 
Wavefront 
„ Deviation 

Thermal 

Gradient 

Laser 

Field 

Angles 

2 . 1 

90° 0 * 1.5” 

(three places} 
(^perfect *» config.) 

■ 0 

o°c 

c 

0 

.15° 

2.2 


X /4 

o°c 

0 * 

-15° 

2, 3. a 


X/4 

two conditions 

0 ° 

2. 3. b 

* 

j* 

X/4 

one condition 

0 ‘ 

-15° 

2. 4* a 

90° 0 * 1 . 0 " 

90° O' 1.5" 

90° 0 * 2 . 0 " 
("tolerance'.' config. ) 

V % V 

X /4 

0°C 

0 * 

-15° 

2 , 4* b» 2 

* . 

>74 

one condition 

0 ° 

.-15° 

2. 5. a 

90° 0* 1.5" 

(three places) 
("perfect" config. ) 

X/4 

Unit Axial 
temp, gradient 

0° 

2. 5. b 

• 

X /4 

Unit Radial 

0 ° 


temp, gradient 




